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Charles  Bittinger,  and  the  cooperation  of 
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The  artist’s  view  shows  the  nitrogen 
oxide  apricot-hued  mushroom  at  about 
25,000  feet.  Condensing  gases  formed  the 
ice  cap.  The  uranium  atoms  exploded 
with  the  energy  that  lights  the  stars.  The 
mushroom  rose  swiftly  and  silently  above 
the  Bikini  lagoon. 

Whether  the  exquisite  phenomenon  shall 
be  a thing  of  beauty  for  man,  extending  his 
control  over  nature’s  laws,  or  something 
sinister  by  which  he  may  destroy  himself, 
is  the  challenge  of  our  day.  Science  edu- 
cation, with  its  many  social  implications, 
will  do  much  to  translate  this  achievement 
into  human  values  as  colorful  as  the  artist’s 
vision. 
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FOREWORD 


The  need  for  a secondary  school  course  of  study  in  science  is  evident. 

The  impact  of  scientific  development  upon  the  lives  of  people  is 
most  significant.  Science  education  has  not  only  a responsibility  to 
foster  and  advance  that  development,  but  also  to  help  create  in  all  youth 
the  understandings,  attitudes,  and  behaviors  that  are  needed  for  social 
competence  in  an  age  of  jet  propulsion  and  atomic  fission. 

This  bulletin  reviews  and  reports  research  in  science  teaching.  It 
selects,  describes,  and  gives  examples  of  the  best  practices  that  can  be 
found.  It  indicates  how  good  practices  can  be  applied  in  classrooms  and 
laboratories,  and  it  suggests  scope  and  setpience  for  local  planning  by 
teachers  in  the  several  secondary  school  science  fields.  Recommendations 
are  made  which  both  experienced  and  inexperienced  teachers  will  find 
useful,  instructive,  and  stimulating.  It  is  hoped  that  marked  progress 
in  science  education  will  restdt  from  this  Progress  Report,  thus  producing 
further  revision  and  enrichment. 

Grateful  acknowledgment  is  made  to  the  State  Production  Committee 
and  to  the  many  science  teachers  who  have  helped  in  the  preparation  of 
this  bulletin.  Chester  B.  Dissinger,  Superintendent  of  Schools  of  Pike 
County,  Milford;  Carl  E.  Whipple,  Superintendent  of  Schools,  ^Varren; 
J.  Paul  Burkhart,  Superintendent  of  Schools  of  Cumberland  County, 
Carlisle;  Samuel  E.  McDonald,  Stiperintendent  of  Schools,  Coatcsville; 
David  H.  Stewart,  Superintendent  of  Schools,  Dormont;  and  G.  Arthur 
Stetson,  Superintendent  of  Schools,  West  Chester,  have  reviewed  the 
manuscript.  This  bulletin  has  been  edited  by  Rachel  S.  Turner,  Editor 
for  the  Department. 


Superintendent  of  Public  Instruction 


May  1951 
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INTRODUCTION 


In  the  production  of  this  bulletin,  many  excellent  suggestions,  courses  of 
study,  and  units  have  heen  received  from  teachers  in  the  field.  Much  helpful 
advice  has  heen  gathered  from  consultants  and  from  authoritative  sources  in 
science  education.  In  the  assembling  of  material,  the  committee  was  guided 
by  the  results  of  a questionnaire  regarding  felt  needs  which  was  circulated 
among  the  science  teachers  of  the  State.  The  frequency  of  expressed  needs  for 
material,  made  by  the  respondents,  guided  the  organization  of  the  Progress 
Report. 

A representative  sampling  of  the  replies  of  teachers  indicated  the  following 
needs. 

Per 

cent 


1.  Outline  of  course  content  for  secondary  school  science  fields  88 

2.  Suggested  procedures  with  academic  and  nonacademic  students  85 

3.  List  of  resources— community,  speakers,  places  to  go,  visual 

aids,  etc 81 

4.  Photographic  and  other  illustrative  material 82 

5.  Suggestions  for  cooperation  with  other  secondary-school  sub- 
ject teachers  76 

6.  A philosophy  of  science  education  69 

7.  A statement  of  principles  and  general  objectives 65 

8.  Suggestions  for  experimentation  in  educational  methods  and 

materials  with  class  groups  62 

9.  Recommendations  for  time  allotment  for  class  periods 57 

10.  Recommendations  for  classroom  and  laboratory  arrangements  42 


Further  requests  included:  (1)  examples  of  good  practices,  (2)  ex- 

perience units,  (3)  procedures  for  evaluation,  (4)  suggestions  for  student 
participation  in  planning,  (5)  suggestions  for  individual  attention  in 
heterogeneous  groups,  (6)  suggestions  on  how  to  teach  pupils  to  study 
science,  (7)  methods  to  determine  the  personal  and  social  needs  of  pupils 
and  to  integrate  science  education  with  personal  and  social  experience, 

, (8)  effect  of  curriculum  trends  on  current  practices  and  tnethods,  (9) 
issues  in  science  education,  and  (10)  ways  by  which  science  education 
/can  be  made  meaningful  and  functional  to  students. 

These  requests  have  led  to  the  state-wide  gathering  of  material.  This 
(material,  arranged  in  logical  sequence,  constitutes  this  Progress  Report. 
A.t  the  same  time,  a look  at  the  requests  provides  a vietv  of  what  science 
teachers  say  that  they  need  now  and  will  continue  to  need.  They  indicate 
to  teachers,  professors,  and  committees  the  place  for  a continuous  de- 

xiii 


velopmental  program  with  the  interchange  of  written  reports  and  ma- 
terials. Here  is  a challenging  opportunity  for  teachers  interested  in 
curriculum  improvement  to  provide  continuously  suggestions  and  ex- 
periences which  will  be  of  help  to  others. 

What  Teachers  Want 

Teachers  in  general  want  practical  help  which  they  can  get  readily  when  time 
is  not  available  for  much  study  and  experimentation.  For  some  there  is  an 
ever-living  thrill  in  working  with  students  and  science  materials  to  achieve  the 
greater  goals  of  education.  For  the  scientist  and  the  educator  both,  the  drama 
of  discovery,  invention,  and  help  to  humanity,  is  an  ever-present  challenge. 
The  search  for  means  and  processes  for  the  creation  of  better  products 
frequently  transcends  all  obstacles. 

There  is  nowhere  a scientifically  cofistructed  course  of  study  in  science 
or  in  any  other  subject.  The  needed  exhaustive  experimentation  on 
what  content  should  best  be  included  at  what  grade  levels,  on  what  the 
best  secjuence  of  content  should  be,  or  on  what  learning  activities  should 
best  be  carried  on  rvith  various  types  of  pupils  has  not  been  made.  Hence, 
there  is  again  the  challenge  for  continuous  experimentation  by  people 
who  are  in  contact  with  youth  and  with  science  materials. 

In  order  to  secure  your  icaction  to  the  material  in  this  bulletin,  a check 
list  is  provided  on  page  xvii.  It  is  recpiested  that  this  be  cut  out  or  repro- 
duced after  six  months  by  all  risers  of  Bulletin  400,  and  that  it  be  sent 
or  delivered  to  the  district  chairman  who  is  listed  on  the  Production 
Committee.  Such  critical  evaluations  and  suggestions  will  serve  to  pro- 
duce a later  revision  of  this  Progress  Report. 

Using  a Course  of  Study 

A modern  course  of  study  is  suggestive  and  not  prescriptive.  When  content 
mastery  was  considered  the  sole  aim  of  education,  prescriptive  courses  were 
common.  The  creative  development  by  individual  teachers  of  the  greater  goals 
of  education — understandings,  attitudes,  and  desirable  behaviors — makes  pre- 
scription of  teaching  methods  impossible.  The  aims,  methods,  and  incentives 
of  science  teachers  vary  too  greatly  for  rule-of-thumb  recommendations. 

Each  one  may  learn  by  experimenting  for  himself  and  trying  out  the 
successful  experiences  of  someone  else.  A modern  conrse  of  study,  with 
grass-roots  assistance,  seeks  to  point  the  way  toward  greater  goals  and  to 
provide  general  suggestions.  It  points  out  areas  of  possible  professional 
growth  and  provides  challenges  for  their  achievement.  As  in  all  pro- 
fessions, research  and  the  work  of  pioneer  thinking  in  science  education 
also  provide  practical  ideas  on  how  to  do  things  and  to  get  things  done. 
These  suggestions  point  the  ways  for  teacher  tryout  and  evaluation, 
They  are  not  measures  for  immediate  success  or  failure.  Each  teacher 
may  through  his  own  experiments  and  evaluations  discover  new  chal- 
lenges and  increasing  measures  of  success. 


XIV 


In  Chapter  I,  problems  of  science  education,  general  problems  are 
raised.  Research  and  reports  on  science  education  are  cited.  Chapter 
II,  ACHIEVING  GREATER  GOALS  IN  SCIENCE  EDUCATION,  SUggeStS  WayS  by 
which  progress  toward  sohing  problems  ot  science  education  is  being 
made  by  many  teachers.  Chapter  III,  scope  and  sequence,  becomes 
specific  in  describing  some  of  the  values  of  the  various  sciences  and 
proposes  units  for  their  realization.  Chapter  IV,  evaluation,  is  con- 
cerned with  the  development  of  means  of  apjiraising  results. 

These  chapters,  together  with  Chapter  V,  suggest;  (I)  an  unfolding 
problem,  (2)  reports  and  data  concerning  the  problem,  (3)  a work  plan 
for  solution  by  both  teacher  and  pupil,  ami  (f)  suggested  ways  for 
measuring  progress. 

The  user  of  this  Course  of  Study  may  consider  the  application  of  stig- 
gestions  and  good  practices  to  his  own  situation  and  to  his  own  problems, 
may  report  on  his  evaluation  of  outlined  procedures,  and  may  share  with 
others  the  results  of  his  critical  tryout  of  lesson  plans,  teaching  aids, 
school  trips,  life-problems  units,  standardized  or  homemade  tests,  pupil 
questionnaires,  class  or  individual  jirojects,  pupil-teacher  cooperative 
planning,  and  the  like.  Through  this  cooperative  effort,  science  educa- 
tion will  become  increasingly  elfective. 
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COURSE  OF  STUDY  IN  SCIENCE 


CHAPTER  I 

PROBLEMS  OF  SCIENCE  EDUCATION 

ACHIEVEMENTS  OE  SCIENCE  TEACHING 

SCIENCE  education  has  had  a dual  achievement  in  assisting  all 
youth  to  grow  toward  maturity  and  in  transmitting  and  adding  to 
the  racial  heritage  of  scientific  skill  and  understanding.  Both  of  these 
objectives  have  been  uppermost  in  science  teaching  in  Pennsylvania. 
The  aspects  of  this  twofold  achievement  have  been  complementary. 
Concentration  in  either  area  to-ward  still  greater  goals  would  produce 
a course  of  study  that  -would  be  out  of  step  with  the  concerns  and  de- 
mands of  education. 

The  first  aspect  of  achievement,  assisting  youth  through  science  edu- 
cation to  groiv  toward  maturity,  gains  increasing  importance  as  study 
reveals  the  personal  and  social  tensions  of  modern  society.  The  facts 
and  know-how  tvhich  research  has  developed  iiulicate  that  in  the  last 
half  of  the  twentieth  century  the  most  significant  development  in  science 
education  will  be  through  its  increasing  contribution  to  the  all-round 
growth  of  its  students  as  individuals  for  life  in  .-Vmerican  and  world 
society. 

The  impact  of  science  ujion  modern  life  bears  witness  to  the  help  of 
secondary  education  in  the  second  aspect  of  achievenient , passing  on  and 
adding  to  the  racial  heritage  of  scientific  knowledge  and  skill.  Ehective 
learning  involves  organization  around  the  concepts  and  principles  of 
science.  'When  the  details  are  cut  away,  the  essential  principles  for  both 
personal  growth  and  technical  skill  become  apparent. 

However,  there  may  be  a gap  between  rvhat  is  known  about  science 
education  and  the  basic  needs  of  youth  and  the  continuous  use  of  that 
knowledge  in  achieving  greater  goals.  The  basic  problem  of  every 
science  teacher  is  to  provide  a curriculum  for  youth  in  secondary  school 


1 


9 


DEPARTMENT  OF  PUBLIC  INSTRUCTION 


science  that  will  be  as  functional  as  possible  both  for  everyday  living  and 
for  work  in  the  technical  fields.  New  knowledge  and  research  should 
have  a significant  impact  upon  curriculum  planning. 

SELECTING  THE  OB'JECTIVES  OF  SCIENCE  EDUCATION 

The  framing  of  objectives  is  a continuous  process.  As  committee  research 
and  personal  experiments  and  reports  create  keener  insight,  new  horizons  are 
revealed.  This  fact  is  shown  in  national  science  reports  and  recommendations: 

1.  In  the  report  of  the  Educational  Policies  Commission,  science  edu- 
cation is  called  upon  for  an  important  part  in  life  adjustment  education.'^ 
More  specific  objectives  of  science  education  for  each  American  youth 
are  to: 

(1)  Equip  him  to  enter  an  occupation  suited  to  his  abilities  and  offering 
reasonable  opportunity  for  personal  growth  and  social  usefulness,  (2) 
prepare  him  to  assume  the  full  responsibilities  of  American  citizenship, 
(3)  give  him  a fair  chance  to  exercise  his  right  to  the  pursuit  of  happi- 
ness, (4)  stimulate  intellectual  curiosity,  engender  satisfaction  in  in- 
tellectual achievement,  and  cultivate  the  ability  to  think  rationally, 
and  (5)  help  him  develop  an  appreciation  of  ethical  values  which  shoulc 
undergird  all  life  in  American  society. 

2.  In  another  recent  report,  that  of  the  Harvard  Committee  on  Gen- 
eral EducatioiP^ , the  point  of  view  concerning  science  education  is  that: 

Science  instruction  in  general  education  should  be  characterized  mainly 
by  broad  integrative  elements  . . . the  comparison  of  the  scientific 
method  with  other  modes  of  thought  . . . the  relation  of  science  with 
the  problems  of  human  society. 

3.  The  Thirty-first  Yearbook  of  the  National  Society  for  the  Study  of 
Education  holds  thatP^ 

The  major  generalizations  and  associated  scientific  attitudes  are  seen 
as  of  such  importance  that  understandings  of  them  are  made  the  ob- 
jectives of  science  teaching.  . . . They  touch  life  in  so  many  ways  that 
their  attainment  as  educational  objectives  constitutes  a large  part  of  the 
program  of  life  enrichment. 

4.  Again,  in  1947,  a committee  of  the  National  Society  for  the  Study 
of  Education  in  Science  Education  for  American  Schools  set  up  five 
criteria  for  objectives:’^® 

First,  a statement  should  be  practical  for  the  classroom  teacher.  Sec- 
ond, it  should  be  psychologically  sound.  Third,  it  should  be  possible  of 
attainment.  Fourtli,  it  should  be  universal.  And  fifth,  it  should  show 
the  relationship  of  classroom  activity  to  desired  changes  in  behavior- 
how  the  student  thinks,  feels,  and  acts. 

note:  Superior  numbers  throughout  the  chapter’s  content  refer  to  numhered  items 
in  the  Suggested  Readings  on  pages  11-12  at  the  end  of  the  chapter. 
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Based  on  these  criteria,  the  committee  proposed  the  following  types 
of  objectives: 

1.  Functional  information  or  facts 

2.  Functional  concepts 

3.  Functional  understanding  of  principles 

4.  Instrumental  skills 

5.  Problem-solving  skills 

6.  Attitudes,  appreciations,  and  interests 

These  lour  reports  and  the  committee’s  types  of  objectives  provitle 
guiding  principles  for  teachers:  (1)  for  the  selection  of  science  problems 
and  learning  activities  and  (2)  for  a type  of  evaluation  that  will  show 
the  progress  attained  in  the  several  areas.  They  challenge  the  formation 
of  objectives  by  every  teacher  and  the  development  of  the  professional 
skill  which  is  necessary  to  teach  for  understanding,  problem-solving  skills, 
attitudes,  and  appreciations.  They  are  viewed  best  as  directions  for 
progress  rather  than  as  immediate  measures  of  teaching  success  or  failure. 

The  learner  in  science  will  use  his  functional  data,  concepts,  and  under- 
standing in  everyday  life.  They  will  help  him  to  explain  phenomena,  to  predict 
what  will  happen,  and  to  create  desired  effects.  He  should  apply  concepts  to 
new  situations  which  he  has  not  met  before.  To  achieve  these  objectives,  the 
method  of  instruction  must  create  many  opportunities  and  activities  for 
meaningful  learning  situations.^® 


SELECTING  THE  CONTENT  OE  SCIENCE  EDUCATION 

In  many  situations,  the  science  textbook  is  the  course  of  study.  How- 
ever, the  viewpoint  of  the  textbook  author  and  specialist  in  science  edu- 
cation is  that: 

The  textbook  should  be  a source  of  data  for  solving  the  problems  of 
the  student  which  he  needs  to  solve.  It  answ'crs  the  cjuestions  in  which 
he  is  interested.  It  helps  him  to  understand  the  generalizations  by  pro- 
viding the  reading  material  over  which  he  can  mull  and  reread  as  often 
as  he  wishes.  ...  It  is  not  something  to  be  learned.  It  is  merely  a 
source  of  data  which,  when  properly  used,  may  result  in  learning.  It  is 
but  one  of  many  sources  and  should  be  used  in  that  respect.® 

I 

Sterile  formality  in  teaching  cannot  be  blamed  on  the  textbook.  The 
fault  lies  in  how  the  textbook  is  used.  Learning  is  doing,  experiencing.^^ 
The  aim  is  not  only  content  mastery  but  changes  in  the  behaviors  of  the 
learner.  Textbooks,  courses  of  study,  lesson  plans,  and  experience  units 
have  value  not  in  what  they  do  for  students  but  in  what  they  lead  students 
to  do  for  themselves.  There  is  no  learning  without  doing.  Doing,  in 
inductive  problem-solving  activity  with  the  use  of  references,  should 
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precede  intensive  book  study.  The  recitation,  as  a matter  ol  general 
practice,  has  become  an  unscientific  relic.^^ 

COURSE  OF  STUDY,  UNIT,  AND  LESSON  PLANNING 

Planning  is  a necessary  procedure  in  any  departure  porn  formal  text- 
book assign-study-recite  teaching..  Things  are  done  because  they  are 
planned  on  paper.  A course  of  study  can  be  of  help  in  this  process.  In 
it,  suggested  sample  units  are  developed  in  outline  to  indicate:  (1)  basic 
content  (usually  as  jrroblems,  understandings,  or  concepts) , (2)  ob- 
jectives, (3)  suggested  learning  activities,  and  (4)  suggested  types  of 
evaluation.  The  user  may  desire  to  develop  similar  units  or  better  ones, 
or  life-problem  units  which  are  based  directly  upon  objectives  or  unique 
needs. 

Most  planning  in  this  bulletin  has  taken  the  following  form:  (1)  a 

unit  title,  (2)  a significant  problem  or  principle  that  has  wholeness  and 
(3)  consideration  of: 


What? 

Why? 

How? 

rioiu  Mach? 

CONTENT 

OBJECIIVES 

TEAKNING  ACTIVUIES 

EVAEUATION 

Concepts 

Imperative  needs 
of  youth 

Class  trips 

Committee  work  and 

Subject  matter  tests 
Performance  tests  on 

Principles 

Life  adjustment 
goals 

reports 

Debates 

Demonstrations 

the  use  of  coTiccpts 
Attitude  scales 
Anecdotal  diaries 

ITiderslandinn; 

Inmctional  life 

Experimentation 
Grouj)  discussions 

Pupil  diaries 
Self-evaluation 

uses 

Problems 

Scientilic  values 
Industrial  uses 

Interviews 

Investigations 

Problems 

Projects 

Pupil  planning,  etc. 

check  lists 
Need  for  drill? 
Pupil  inventions 

Objectives 

For  elective  expression,  the  second  column— objectives— must  be 
emphasized.  These  objectives  involve  the  functional  use  of  concepts 
and  understandings  in  the  content  outlines.  They  have  place  and  status 
in  the  secpience  outlines  in  Chapter  III.  Their  achievement  depends 
upon  and  determines  the  extent  of  content  mastery.  If  the  learner  helps 
to  plan  the  objectives,  activities,  and  means  of  evaluation,  he  identifies 
himself  with  the  learning  in  a way  that  contributes  greatly  to  achieve- 
ment. Factual  mastery  will  be  increased  in  the  functional  setting  which 
is  created. 
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Activities 

The  leavjiing  activities  customary  /«  science  education  are  an  antidote 
for  shallow  verbalism.  Activities  are  based  on  the  objectives.  At  the 
same  time,  they  provide  work  plans  and  pupil  groupings  to  take  care  oi: 
(1)  individual  dillerences  and  incentives  (pretechnical  and  terminal 
aims) , (2)  group  practices  in  democratic  action,  and  (3)  the  use  of  de- 
ductive and  inductive  reasoning.  The  learner  shoidd  grow  in  under- 
standing through  his  own  experience  in  working  with  a group  in  search- 
ing for  data,  weighing  evidence,  forming  and  evaluating  hypotheses,  ami 
coming  to  conclusions.  This  type  of  teaching  is  neetled  both  lor  life 
adjustment  and  for  pretechnical  jneparation. 

Such  jihmning  for  lateral  enrichment  is  not  dillicidt  or  time-consuming. 
Initially  some  written  plans  or  the  use  of  Ilexible  course  of  study  units 
will  be  an  aid.  Later  success  brings  the  satisfaction  which  only  pupil 
participation  and  spontaneity  can  provitle.  Much  curricidnm  improve- 
ment is  being  developed  in  this  mannei  . More  specific  discussion  is  in- 
cluded in  Section  1,  Chapter  If,  ‘Achieving  Greater  Goals  in  Science 
Education.” 

SELECTING  THE  APPLICATIONS  OF  SCIENCE  EDUCATION 

A wise  choice  of  applications  has  taken  into  account  the  contributions  which 
science  makes  to  the  natural  biological  tensions  or  needs  of  youth.  The  plan- 
ning of  learning  activities  to  contribute  to  imperative  pupil  needs  is  of  great 
importance.  This  is  expressed  in  the  1950  Evaluative  Criteria.  Scientific 
understandings  and  learning  activities  are  the  means  by  which  students  acquire 
practice  in  the  adjustments  which  are  needed  in  growing  qp  in  a scientific  era. 

THE  NEEDS  OF  YOUTH 

Wise  planning  for  functional  objectives  depends  upon  a knoudedge  of 
pupil  needs.  Pujiil  needs  and  “leads”  have  been  divided  into  two  general 
classifications;  (1)  those  which  are  general  for  all  youth  whether  they 
will  become  carpenters  or  chemists,  and  (2)  those  which  are  specific  for 
the  individual  in  accord  with  abilities,  ambitions,  ftittire  jilans,  and 
ctdttiral  and  economic  backgrounds. 

The  first  classification,  Genertd  Needs,  is  the  easier  to  determine.  Long 
sttidy  has  been  given  to  this  prolilem.  The  National  Association  of 
Secondary-School  Principals  has  provided  a list  of  The  Ten  Imperative 
Needs  of  Youth  which  is  recognized  as  basic.®  In  a Pennsylvania  stirvey, 
98  per  cent  of  the  teachers  and  80  per  cent  of  the  pupils  expressed  ap- 
proval of  this  list.'''  (See  Chapter  II,  Section  3 and  the  chart  on  page  7.) 

The  second  classification.  Specific  Needs,  is  more  diflictdt.  This  in- 
volves the  study  of  each  individual,  his  scholastic  records,  his  college  or 
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vocational  intentions,  results  of  testing  programs,  vocational  plans,  con- 
ference results,  family  background,  and  personality  traits.  In  these 
special  needs,  each  youth  presents  an  individual  problem  that  must  be 
considered  in  planning. 

A list  or  survey  of  needed  life  adjustments  may  be  developed  by  each 
school  faculty  as  an  effective  in-service  learning  experience.  The  “In- 
quiry on  Student  Needs”  which  is  included  in  Bulletin  243,  Curriculum 
Improvement  by  a Secondary  School  Faculty,  Department  of  Public  In- 
struction, Harrisburg,  Pa.,  1950,  provides  an  excellent  method  for  such 
a survey. 

USE  OF  LIFE-PROBLEM  UNITS 

Problem  solving,  scientific  thinking,  suspended  judgment,  consideration  of 
all  available  facts  are  the  best  procedures  for  developing  both  technical  learn- 
ing and  growth  towai-d  maturity. 

As  Overstreet  has  written:  “This  is  the  secret  of  all  mind  building  in 
children.  Find  the  problems  which  are  real  to  them  and  help  them  work 
out  the  solutions.”!® 

Science  teachers  bring  many  basic  life  problems  and  scientific  practices 
to  youth  in  order  that  they  may  grow  well  into  maturity  and  take  their 
jrlaces  in  community  life.  Science  education  plays  a vital  role  in  assist- 
ing youth  to  realize  immediate  needs  and  to  develop  greater  ones.  The 
teaching  for  retention  that  attains  the  desired  functional  objectives  con- 
sists in  providing  practice  in  the  use  of  science  and  its  methods  in  meeting 
and  solving  the  all-round  problems  of  personal,  social,  and  vocational 
adjustment. 

Life  problem  units,  based  directly  on  objectives,  frequently  can  be  in- 
terposed in  a content-centered  course  of  study.  These  are  focused  upon 
problems  of  living.  What  career  shall  I choose?  How  can  I keep  well? 
^Vh  at  is  scientific  thinking?  What  causes  most  people  to  act  the  way 
they  do?  How  can  I learn  to  appreciate  nature?  How  can  I learn  to 
get  along  with  other  people?  How  shall  I choose  a life  mate?  What 
criteria  will  help  me  in  building  or  buying  a borne?  These  and  similar 
problems  are  of  great  importance  to  youth.  Opportunities  for  the  con- 
sideration of  many  of  these  exist  only  in  science  education. 

The  loss  of  54  per  cent  of  Pennsylvania’s  secouflary  school  youth  through 
•Iropouts  and  the  serious  lowering  of  enrollments  in  formal  science  courses^®  are 
facts  which  emphasize  the  need  for  planning  of  life-problem  units  in  all  science 
courses. 

The  diagram  on  page  7 pictures  the  Imperative  Needs  of  Youth  in 
growing  into  maturity.  Here  is  a framework  within  which  many 
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subject  disciplines  can  operate  and  cooperate.  The  emphasis  is  upon  sti 
the  integratetl  individual— the  whole  educational  product— together  with  pi 
special  emphasis  on  proficiency,  growth,  and  development  in  four  critical 
areas  which  earmark  such  an  individual."^  The  pattern  of  life  adjustment 
is  the  way  the  learner  thinks,  feels,  and  acts  in  achieving  self-realization. 
These  imperative  needs  arc  also  goals  of  science  education.  On  them  are 
focused  the  learning  units  in  any  course  of  study. 

i **' 

MEETING  SPECIAL  PUPIL  NEEDS  " 


Of  the  pupils  taking  science  courses,  the  percentage  of  those  planning 
to  continue  formal  education  after  high  school  varies  greatly  with  the 
community  served  by  the  school.  Such  percentages  of  secondary  school 
graduates  range  from  10  to  90,  but  average  less  than  10  jier  cent  of  all 
elementary  and  secondary  pupils  throughout  the  State. The  pierccntage 
of  college  preparatory  j)upils  in  a physics  or  a chemistry  class  is  higher, 
but  still  dependent  upon  the  socioeconomic  status  of  the  student.  De- 
termining the  special  scientific  needs  of  these  college-preparatory  pupils 
is  relatively  easy  since  they  rccpiire  the  type  of  functional  preparation 
in  the  basic  data,  principles,  laws,  and  applications  upon  which  they  can 
build  in  college. 


It 
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Some  teachers  prefer  Iiomogeneoiis  grouping  for  pupils  of  various 
types.  Others  can  satisfy  the  needs  of  the  groups  by  occasional  sub-  ^ 
grouping  in  the  same  class.  Segregation  of  college  and  noncollege  stu-  ^ 
dents  or  sectioning  on  ability  levels  is  not  the  general  rule.  It  may  even  i 
be  considered  inadvisable  or  impossible.  Thus  a problem  of  some  ■ ; 

magnitude  is  presented.  I * 

s 

Further  reports  of  sticcessfid  evaluated  procedures  are  needed  for  a [ 
revision  of  this  Progress  Report.  I’he  following  general  suggestions  have 
been  jirovided: 

1.  Scientific  prijiciples  are  the  same  for  all  students  udiether  or  not 
they  are  going  to  college,  and  regardless  of  their  choice  of  occupation.  " 

Research  has  indicated  that  specialized  technical  study  is  based  most  " 

soundly  on  a good  background  of  functional  scientific  understanding.-  ; y 
ddiere  should  be  a minimum  number  of  concepts,  understandings,  and  ,( 

applications  for  each  science  subject  which  all  students  electing  the  il 

sidaject  should  be  expected  to  master.  ■ f 


2.  Differentiated  assignments  should  be  made  or  plajuied  activities 
developed  to  further  the  preparation  of:  (1)  the  college-preparatory 

group,  (2)  the  students  prejiaring  for  industrial  occupations,  and  (3) 
the  students  following  a terminal  education  program.  Thus,  science 
education— by  grouping  within  groups  or  by  committee  work  in  unit 
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Study— can  meet  the  needs  o£  these  three  groups  according  to  their  iuture 
jrlans.  Direct  teaching  and  drill  have  place  in  any  jnogram  cvhen  the 
need  arises. 

3.  For  many  students,  the  course  in  physicul  science  may  proi'e  to 
be  the  most  satisfactory  science  elective. 

PLANNINCi  A FUNCTIONAL  COURSE  OF  STUDY 

A functional  course  of  study  must  represeui  an  iEiSegratioii  of  coiiicnt,  pupil 
needs,  social  values,  learning  activities,  anil  nieaus  of  comm’ehensivc  evaluation. 
It  cannot  overeiuphasize  any  singie  segment.  The  proh!enis  which  are  involved 
in  its  planning  require  the  hesi  that  modern  education  can  provide. 

Psychologists,  research  workers  in  education,  and  teachers  in  action 
have  evolved  several  basic  priiuiples  lor  more  ellective  teaching.  These 
results  of  a half  century  of  research  are  generally  accepted:  (1)  in 

modern  textbooks  on  educational  psychology, (2)  in  books  on  teaching 
methods,^'*  (3)  in  the  1950  edition  of  the  Evaluative  Criteria  of  the 
Cooperative  Study  of  Secondary  School  Standards,*'  and  (4)  in  re[)orts  ol 
national  science  committees. 

The  consensus  of  these  sources  is  significant.  They  rc]nesent  the  de- 
velopment that  comes  from  scientific  research  and  growth  in  any  pro- 
fession. Variations  in  opinion  promote  progress,  but  research  provides 
clarification  for  sound  judgment.  People  need  the  “unity  out  ol  di- 
versity” if  they  are  to  go  forward  together.  Many  teachers  are  already 
adopting  these  new  principles  in  their  work.  National,  State,  and  city 
curriculum  programs  are  being  allotted  public  funds  for  their  imple- 
mentation. 

Some  of  these  principles,  briefly  stated,  follow  in  order  that  the  user 
of  this  bulletin  may  be  supjiorted  in  his  ocvn  thinking  and  may  under- 
stand the  bases  for  the  suggestions  which  are  made  in  the  pages  which 
follow. 

ACHIEVING  OBJECTIVES  IN  TERMS  OF  GROWTH  IN  DESIRABLE 

BEHAVIORS 

The  dual  problem  of  helping  youth  to  mature  ami  to  acquire  desirable 
understandings  and  behaviors  is  more  complex  than  has  been  assumed.  It  is 
made  so  by  the  princiijles  that:  (1)  Desirable  behaviors  and  understandings  <lo 
not  develop  automatically  as  by-products  of  factual  teaching.  (2)  Each  objec- 
tive requires  direct  provision  for  its  practice  in  active  learning  situations. 
(3)  Essential  values  lie  in  the  understanding  of  basic  concepts  and  practice  in 
their  application  in  everyday  life. 

The  customary  teaching  and  testing  of  infoi  inational  data  alone  have 
been  found  to  have  little  efiect  on  genuine  learning,  leaching  that 
does  not  change  the  cvay  in  which  the  learner  behaves— thinks,  feels, 
and  acts— does  not  achieve  the  purposes  of  either  life  adjustment  oi'  pre- 
college education. 
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The  following  considerations  are  derived  from  this  fundamental 
agreement: 

1.  Functional  Understanding 

There  is  a distinction  hetween  memorized  learning  of  inert  ideas  and 
functional  understanding.  Functional  values— which  are  meaningful  to 
the  learner  in  terms  of  his  life  and  needs— create  intense  participation 
and  real  learning.  The  satisfaction  of  immediate  needs  provides  “leads” 
for  further  achievement  and  greater  goals.  The  learner  remembers  what 
he  uses  and  needs  To  know.^® 

2.  Concrete  Experiences 

Effective  learning  moves  from  the  concrete  and  familiar  to  the  more 
abstract  and  remote.  But  always  generalizations  must  function  in  the 
life  of  the  learner.  Youth  instinctively  resists  learning  that  appears  use- 
less and  trivial. 

3.  Participation  in  Learning  Activities 
Without  the  participation  of  the  learner  in  many  types  of  learning 

activities,  there  is  excessive  memorized  learning. Daily  assign-study- 
recite-quiz  procedures  encourage  temporary  verbal  mastery.  Desirable 
behaviors  are  developed  by  practicing  them.  The  learner  learns  what 
he  does. 

4.  Problem  Solving 

Learning  activities  of  a problem-solving  type  are  especially  productive 
of  the  skills  of  critical  thinking  which  are  needed  both  in  school  subjects 
and  in  life.^® 

5.  Planning 

Teacher  preplanning  and  pupil-teacher  planning  are  both  essential 
for  well-motivated  class  activities.  Pupil  participation  in  planning  de- 
velops pupil  concern  beyond  the  shallow  aims  of  getting  a mark  or 
pleasing  the  teacher.  The  pupil  must  share  if  he  is  to  care.  His  whole 
development  is  a matter  of  concern.^® 

6.  Learning — A Definition 

Learning  is  defined  as  the  behavior  changes— thinking,  feeling,  and 
acting— which  result  from  what  a puj^il  does.^^  Successful  teaching,  then, 
involves  setting  the  stage— with  problems,  activities,  and  resources— that  j 
will  assure  the  practice  and  attainment  of  the  desired  behavior  changes. 

These  statements  cover  much  research  and  careful  thinking  by  many  people. 
Coming  as  they  do  from  well-recognized  sources,  they  should  be  helpful  in  solv- 
ing many  problems  of  curriculum  improvement.  They  become  more  clear  as  j 
they  are  illustrated  in  practice.  To  provide  suggestions  for  such  practice  and  | 
to  present  examples  in  operation  are  the  purpose  of  this  cooperative  publication,  j . 
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SUMMARY 

1.  Science  education  in  the  secondary  schools  has  a dual  purpose:  to 
assist  all  youth  to  grow  toward  maturity,  and  to  transmit  and  add 
to  the  racial  heritage  of  scientific  understanding  and  skill. 

2.  The  two  phases  of  science  education  are  complementary  parts  ol 
one  whole  problem.  Psychologists  agree  that  learning,  if  it  is  to 
go  heyond  the  level  of  temporary  memorization,  must  be  related  to 
the  life  problems  and  environment  of  the  learner.  Youth  has  a 
natural  drive  toward  learning  of  this  type. 

3.  Analysis  of  national  committee  reports  shows  a trend  toward 
functional  objectives  expressed  as  types:  “ (1)  functional  infor- 
mation or  facts,  (2)  functional  concepts,  (3)  functional  under- 
standing of  principles,  (4)  instrumental  skills,  (5)  problem-solving 
skills,  (6)  attitudes,  appreciations,  and  behaviors.” 

4.  Functional  understandings  imply  that  the  student  will  be  able  to 
use  scientific  principles  in  everyday  life  and  will  be  able  to  apply 
them  to  new  situations.  This  type  of  learning  requires  practice 
in  learning  activities  which  are  planned  for  this  purpose. 

5.  The  best  use  of  textbooks  and  standardized  tests  is  as  resource 
material  along  with  much  other  material  which  is  used  in  problem- 
solving units.  A course  of  study  may  be  used  to  assist  in  planning 
functional  units  which  are  based  on:  (1)  scientific  problems,  con- 
cepts, and  principles,  (2)  learning  activities  and  applications, 
and  (3)  wide  evaluation. 

6.  A functional  program  of  science  education  meets  the  needs  of  all 
youth,  including  pre-college  and  vocational  groups.  A program 
based  on  principles  and  their  use  increases  content  mastery  and 
provides  the  essential  background  for  all  students. 

These  briefly  summarized  statements  present  challenges  and  di- 
rection for  gradual  and  continual  achievement.  Suggestions  for 
moving  toward  this  achievement  are  made  in  the  following  chapters. 
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CIENCE  education  Iteconics  lunctional  as  it  becomes  meaningiid  aiul 


challenging  to  youth.  The  interaction  that  exists  between  the  learner 
and  the  learning  experiences  which  the  course  provides,  should  be  con- 
sidered. This  determines  the  extent  to  which  the  science  student  identifies 
himself  with  the  problems,  understandings,  and  inti  insic  values  in  the 
unit  or  course  of  study.  Participating,  as  contrasted  with  assimilating, 
creates  better  learning  and  better  attitudes.  This  basic  factor  is  essential 
if  the  greater  goals  of  science  education  are  to  be  achieved. 

The  zeal  which  pushes  the  research  scientist  is  not  unlike  the  spontaneous 
drive  and  curiosity  of  adolescents.  This  can  he  encouraged  or  checked  for 
youth  by  the  learning  situation.  Artificial  motivation  or  emphasis  on  memori- 
zation alone  creates  blocks  against  the  development  of  scientific  attitudes, 
inductive  thinking,  and  the  mastery  of  functional  unjlerstandings  and  behaviors. 

! Where  possible,  the  inductive  method  should  he  used  first.  Experi- 
' mentation  should  precede  drill  and  discussion.  Real  life  problems 

should  often  be  subjected  to  scientific  scrutiny.  There  is  no  substitute 
for  direct  observation  and  direct  experience.  As  Erancis  P>.  Haas  has 
said;  “No  array  of  words  in  descriptive  composition,  however  em- 
bellished, will  serve  as  a substitute  for  actual  exjjerience.” 

The  development  of  skill  in  planning  and  carrying  out  learning  situa- 
tions of  this  type  may  be  a challenge  to  professional  growth.  This  skill 
has  been  gained  by  many  teachers  through  personal  ellort  in  planning, 
trying  otit,  measuring  results,  and  planning  again.  Suggestions  toward 
the  development  of  these  and  similar  skills  are  made  in  this  thapter 
under  the  following  sections: 

1.  Teaching  Science  by  Units. 

2.  Imjjroving  Science  Teaching. 

3.  Meeting  the  Imperative  Needs  of  ’S'emth. 

' 4.  Teaching  Students  to  Study  Science. 

1 5.  Helping  Pupils  to  Solve  Their  Vocational  Ihoblems. 

' 6.  Cooperating  with  Teachers  of  Other  Sid)je(ts. 
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SECTION  1 

TEACHING  SCIENCE  BY  UNITS 

Teaching  science  by  units  is  not  new.  Science  teachers  were  among  the  first 
to  recognize  the  necessity  of  learning  actinities.  The  idea  of  learning  by  doing 
has  been  the  basis  of  laboratory  science  courses  for  many  years.  In  adopting 
the  unit  method,  other  subject  fields  are  introducing  laboratory  work  into  their 
courses.  All  teachers  need  to  master  the  unit  procedure  for  effectively  guiding 
learning  activities. 

People  learn  naturally  by  whole  concepts  and  understandings.  A unit 

is  a teaching-learning  situation  in  which  there  is  a “wholeness”  or  unity 

of  approach  in  content  and  objectives.  Wholeness  is  necessary  for  the 

\ 

creation  of  understandings  or  concepts.  This  is  not  provided  in  many 
courses  or  textbooks.  The  whole  is  greater  than  the  sum  of  its  parts. 
The  parts— factual  information— are  of  significance  only  as  they  are 
related  to  each  other  or  to  a whole  problem  or  idea.  Unless  teachers 
can  provide  for  this  integration  in  functional  planning  and  teaching, 
how  can  the  pupil  be  expected  to  do  it  for  himself  in  class  or  in  life? 

TYPES  OF  EXPERIENCES 

If  the  emphasis  is  mainly  on  material  from  textbooks,  a unit  may  be 
termed  a subject-matter  unit.^  If  the  emphasis  is  on  the  learner  and 
his  needs,  it  may  be  called  a life-problem  unit.  Both  types  of  units 
involve  learning-by-doing  experiences.  Units  are  referred  to  by  many 
names  but  are  generally  of  these  two  types.  In  actual  practice,  unit 
teaching  generally  is  a blending  of  these  two  if  a meaningful  total  pattern 
for  learning  exists.  The  purpose  of  the  unit  determines  the  emphasis. 

The  teacher,  the  room,  and  the  equipment,  the  ability  and  needs  of 
the  students  are  all  parts  of  the  total  picture.  Preliminary  study  ol 
students  is  essential. 

In  order  that  distinctions  between  the  subject-matter  unit  and  the 
life-problem  unit  may  be  made  clear,  attention  is  called  to  the  accom- 
panying table  of  comparisons  and  to  the  “treegram”  showing  how  the 
elements  of  the  life-problem  unit  are  related. - 

note:  Superior  numl)ers  in  the  text  material  refer  to  Suggested  Readings  at  the 
end  of  the  section. 
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COMPARISON  OF  SUBJECT-MATTER  AND  LIFE-PROBLEM  UNITS 


Characteristics 

Subject-Matter  Unit 

Life-Problem  Unit 

Organization 

Logical 

In  advance  of  presentation 

Psychological,  preplanned  but 
also  developing  as  unit  progresses 

Purpose 

To  acquire  information 

To  develop  understandings, 
attitudes,  and  behaviors 
To  satisfy  needs  in  acquiring 
information 

Control  of 
Learning  Activities 

By  teacher  and  course 
of  study 

By  entire  group  under  guidance 
of  teacher 

Time  Center 

Largely  in  the  past 

Uses  knowledge  of  the  present 
and  looks  to  the  future 

Source 

Material 

Mainly  printed  matter 
selected  by  the  teacher 

Numerous  and  varied  experiences 
determined  by  the  entire  group 
under  the  giudance  of  the  teacher 

Adaptation  to 
Individual 

Allowance  may  or  may  not 
be  made  for  personal 
differences 

Provision  for  personal 
clillerences 

Outcomes 

Fixed  and  planned  in 
advance  and  required  of 
all 

.Some  outcomes  are  known  in 
advance;  others  develop  as  unit 
progresses 

Evaluation 

Mostly  by  formal  tests 
of  subject  matter 

By  the  use  of  several  devices 
in  measuring  pupil  growth; 
student  and  group  self-evaluation 

Conclusion 

Closed  with  a “review” 

Interest  continues  to  grow  and 
leads  to  further  activities 

PLANNING  AND  USING  UNITS 

The  subject-matter  unit  is  largely  a textbook  presentation.  Modern 
science  texts  are  generally  planned  on  the  unit  basis  so  that  little  re- 
arranging by  the  teacher  is  necessary.  Tojjics  sometimes  have  been 
termed  units’.  This  is  a misnomer  and  should  mislead  no  one.  The 


method  of  handling  such  a subject-matter  topic  is  usually  the  assign-!},' 
study-recite-test  procedure.  This  encourages  menioriter  learning. 


Many  of  these  so-called  science  units  include  no  laboratory  or  demon-:  p, 
stration  work  whatever.  Both  conditions  should  be  changed.  Where  no 
laboratory  or  demonstration  lessons  can  be  provided,  students  should 
be  encouraged  to  do  certain  home  experiments,  and  to  take  field  trips,, 
such  as  visits  to  museums,  depending  upon  the  locality  and  its  resources.  I 

Science  teachers  should  not  only  hecome  familiar  with  literature  on  the  j 
subject  but  should  also  plan  and  construct  experience  units  suitable  for  their 
own  classes.  Only  by  so  doing  can  they  hope  to  see  the  advantage  of  the  unit 
method  as  compared  with  formal  and  traditional  methods.  j 
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The  life-problem  unit  is  depicted  in  the  treegiam  on  page  14.  The 
roots  may  be  thought  of  as  the  “Imperative  Needs  of  Youth"  arising  from 
common  living  situations. ^ Reading  the  original  statement  of  these  ten 
needs  might  be  a good  beginning  for  the  unit  builder.  In  addition  to 
this,  the  teacher  should  learn  all  he  possibly  can  by  referring  to  the 
office  records  of  his  group.  He  may  also  use  such  a device  as  the 
■‘Inquiry  on  Student  Needs. 

The  title  of  the  unit  should  be  brief  but  adecpiate.  “What  Shall  We 
Eat?”  is  a more  challenging  title  than  “Nutrition.”  “Does  My  Garden 
Need  Lime?”  is  a better  title  for  a life-problem  unit  than  “Neutraliza- 
tion.” 

The  objectives  should  be  stated  briefly  and  in  language  adolescents 
can  understand.  Student  help  in  this  process  is  essential.  The  goals 
set  should  be  attainable  and  should  be  those  of  the  student  as  well  as 
those  of  the  teacher.  In  addition  to  the  central  objective  there  may 
be  one  or  more  contributory  objectives. 

PRINCIPLES  OF  UNIT  PLANNING 
The  following  jninciples  of  organization  are  recommended: 

1.  Content  should  be  organized  into  large  areas  or  units  (wholes)  , each  of  which 
represents  some  comprehensive  scientific  concept  or  significant  problem  of  living. 

2.  Units  should  be  broken  down  into  smaller  learning  problems. 

3.  Learning  experiences  should  promote  functional  understaiulings,  attitudes,  and 
changes  in  behavior. 

4.  Opportunities  should  be  provided  for  discovering  and  applying  principles 
inductively. 

5.  Provision  should  be  made  for  effective  valuation— including  self-evaluation. 

6.  Secjuence  should  he  planned  to  give  recurrent  contacts  with  knowledge  and  to 
provide  a spiraling  and  enlarging  pattern  of  growth. 

7.  Problem  situations  should  provide  practice  in  the  use  of  the  scientific  method. 

8.  There  should  be  frecpient  opportunity  for  pupils  to  participate  in  planning. 

The  dynamics  of  putting  into  jtractice  these  recommendations  of  the 
National  Society  for  the  Sttidy  of  Education  are  presented  in  the  follow- 
ing outlines: 

Procedures  in  Unit  Planning 

In  planning  and  using  a unit,  six  stages  are  tisually  followed: 

1.  Selection  of  a title  covering  a critical  life  problem  or  scientific  concept 

2.  Preplanning  by  the  teacher 

a.  This  includes  (1)  objectives,  (2)  content,  (S)  sotirces,  (1)  activi- 
ties, (5)  evaluation. 

b.  Teacher  planning  is  frequently  kept  in  the  teacher’s  mind  and  the 
pupils  are  invited  to  plan.  Enriched  meaningful  planning  results 
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and  includes  the  teacher’s  suggestions  which  are  based  on  his  own 
preplanning. 


3.  Orientation— hitroduction  of  the  Unit 

Group  discussion  provides  a good  way.  Pertinent  questions  are: 

These  are 

steps  in 


VVdiat  is  our  problem? 

What  do  we  know  about  this  now? 

What  do  we  need  to  find  out? 

How  can  we  find  out?  How  can  we  organize? 
How  can  we  tell  i£  we  do  find  out? 


scientific 


inductive 


reasomn 


This  provides  an  overview  of  the  unit,  relates  it  to  past  experience, 
suggests  phases  for  consideration,  develops  a work  plan,  and  organizes 
work  groups. 

Possible  activities  in  this  phase  include:  school  trips,  excursions, 
jiictures,  news  items,  talks  by  teacher,  etc. 


4.  Pupil  Learning-by-Domg 

Pupils  practice  the  behaviors  of  analyzing,  applying,  comparing,  con- 
structing, discussing,  evaluating,  generalizing,  interviewing,  leading,  ob- 
serving, organizing,  outlining,  studying,  thinking,  summarizing,  etc. 
Many  class  periods  are  devoted  to  group  work  under  teacher  guidance. 

The  objectives  (in  2 a.  above)  should  jirovide  a check  list  for  the 
activities.  No  objectives  should  be  left  dangling.  There  should  be 
learning  activities  for  each  one. 

Students  can  acquire  the  understandings  or  behaviors,  which  are  stated 
in  the  objectives,  only  by  having  learning  experiences  for  their  develop- 
ment. 

The  teacher  circulates  among  the  work  groups.  He  provides  guidance, 
makes  suggestions,  supervises  leadership  and  group  dynamics.  He  may 
call  the  total  class  together  from  time  to  time  for  progress  reports.  j 

5.  Culminating  Activity 

Here  pupil  reports,  panel  discussions,  demonstrations,  exhibits,  graphs, 
models,  projects  provide  expressions  of  group  and  individual  achieve- 
ment. Students  frequently  keep  notebooks  to  record  the  results  of  the 
total  classwork.  These  are  the  fruits  on  the  treegram,  page  14. 

This  activity  may  well  include  some  form  of  social  action,  such  as 
tree  planting,  restaurant  inspection,  health  surveys,  etc.,  depending  upon 
the  community. 

6.  Evaluation 

Pupils  and  teacher  together  may  well  consider  the  following  questions: 
a.  Was  the  unit  worth  while  from  the  standpoint  of  content 
mastery?  (test) 
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b.  Have  the  understandings,  attitudes,  and  behaviors— which  were 
stated  in  the  objectives— been  attained?  Each  olijective  should 
be  evaluated. 

c.  Have  pupils  gained  in  the  ability  to  analyze,  apply,  compare, 
generalize,  and  use  resource  material? 

d.  Did  the  group  process  work  well?  Are  pupils  more  cooperative, 
less  ego-centered,  more  self-confident? 

e.  ^Vhat  need  exists  for  drill,  direct  textbook  teaching,  or  reteach- 
ing? 

Dangers  to  Be  Avoided  by  the  Teacher 

1.  Exercise  of  too  much  authority.  I'his  destroys  pupil  initiative  and 
spontaneity. 

2.  Too  much  haste.  The  democratic  process  is  slow  but  sure. 

3.  Too  much  laissez-faire  action.  Democracy  is  neither  autocratic  nor 
laissez  faire. 


SAMPLE  UNIT  PLAN 

The  transition  toward  more  vital  and  functional  learning,  as  a teacher  par- 
ticipates in  a program  of  curriculum  improvement,  is  indicated  in  the  following 
unit  plan.  This  teacher’s  plan  shows  what  happened  as  he  learned  to  make 
use  of  direct  learning  experiences. 


THE  OI.D 


THE  NEW 


Topic:  Fish 
Objectives 


Topic;  How  does  Fisiiing  Infiueiue  Our  Living? 
Objectives 


Teacher:  Teacher: 

To  cover  the  topic  as  described  in  To  make  cliildren  aware  of  the  relation  of  fish 
the  General  Science  Svllabus  to  themselves 

To  create  a desire  to  learn  more  of  the  natural 
world 

To  set  up  experiences  which  give  children  a 
chance  to  work  and  plav  together 
T o use  group  processes 
To  offer  challenges  to  bright  pupils 
To  help  nonreaders  to  contribute  to  group  work 
and  find  other  wavs  of  learning  and  of  express- 
ing themselves 

To  increase  children’s  interest  in  and  enjoyment 
of  school. 


Pupils: 

To  do  the  lessons  assigned  bv  the 
teacher  to  get  good  marks 


Con  tent: 

1.  Characteristics  of  fish 

2.  Classification 

3.  Structure 

4.  Uses  to  mankind 


Pupils:  (Croup  planning) 

fo  practice  good  human  relations  in  the  class 
To  improve  skills  and  abilities 
To  have  fun 
To  learn  facts 
To  begin  a new  hobbv 

Content: 

Same 
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THE  OLD 

Activities: 

1.  Put  week’s  assignment  on  board 

2.  Make  large  diagram  of  fish  on 
board 

3.  Present  the  topic  and  label  the 
diagram 

4.  Show  some  pictures  of  fish 

5.  Read  and  discuss  texts  with 
class  daily  as  preparation  for 
home  assignments 

fi.  Conduct  class  recitations  on 
home  assignments 


Culminating  activities: 

None 

Evaluation: 

1.  Give,  mark,  return  tests 
, Reteach  facts  not  known 
, Give  another  test  to  those  who 
failed 


THE  NEW 

Activities: 

Group  planning  for  individual  and  committee  ac- 
tivities and  reports  to  accomplish  the  following: 

1,  Provide  for  research  as  many  books  on  fish 
as  can  be  obtained 

2.  Secure  and  display  around  room  colored 
pictures  of  fish  (motivation) 

3.  Secure  and  show  films  on  tropical  fish,  deep 
sea  diving,  fishing  industry 

4,  Secure  large  biological  model  of  fish 

,f).  Arrange  for  demonstration  dissection  of 
either  raw  or  cooked  fish 

f).  Contact  Home  Economics  Department  and 
arrange  for  fish  luncheon  (teach  etiquette) 

7.  Investigate  possibility  of  trip  to  an  aquar- 
ium or  hatchery  (teach  techniques  of 
planning— teach  proper  conduct  in  public 
vehicles) 

8.  Secure  paper,  paints,  crayons,  and  arrange 
for  art  teacher  as  consultant  for  art  work 

9.  Investigate  possibility  of  Sattirday  hike 
where  fishing  can  be  done  (good  htnnan 
relations— leisure  time  activities— planning- 
responsibility) 

10.  Arrange  with  local  sports  store  for  demon- 
stration of  fishing  tackle,  bait,  flies,  etc. 
(teach  good  sportsmanship,  leistire  time 
activities) 

11.  Consider  possibility  of  having  someone 
teach  interested  group  to  make  artificial 
flies  (letter  of  invitation  and  thanks) 

12.  Get  clay,  soap,  tools  for  carving  and  model- 
ing (permit  some  of  this  while  research 
reading  is  being  done) 

13.  Suggest  and  assist  pupils  to  secure,  furnish, 
care  for  an  aquarium  (teach  principles  of 
balance  in  life— good  activity  for  non- 
readers) 

14.  Find  a tropical  fish  enthusiast  and  arrange 
for  talk  on  and  display  of  them  (teach 
reproduction) 

1,5.  Stimulate  interest  of  brighter  pupils  in 
making  scientific  investigation,  developing 
booklets,  developing  reference  lists,  htmting 
iqr  classification,  accumidating  dipping  files, 
sending  for  free  and  inexpensive  materials 

16.  Don’t  forget  keeping  of  records  of  all  kinds 
by  everyone 

Culminating  activities: 

Committee  reports,  displays,  and  individual 

records 

Evaluation: 

1.  Arrange  for  tests  of  facts  learned 

2.  Have  group  discussion  of  strengths  and 
weaknesses  of  planning  committee  work, 
comiinttee  leaders,  behavior  on  trips,  learn- 
ing experiences,  development  of  interests, 
skills,  abilities 

3.  What  drill  and  formal  instruction  are 
needed? 
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SCIENCE  TEACHING  SHOULD  BE  SCIENTIFIC 

Science  teachers  should  recognize  the  need  for  research  in  teaching  and  learn- 
ing. They  should  be  willing  to  use  and  to  master  the  unit  method  or  any  other 
promising  method.  Unit  planning  includes  the  elements  of  good  teaching. 
Every  craftsman  should  possess  all  the  skills  which  he  needs  for  his  task. 

A cleavage  exists  in  secondary  schools.  Probably  not  over  one-ten  tb 
of  the  students  go  to  college.  The  others  terminate  their  education  in 
high  school.  It  is  clearly  the  job  of  the  teacher  to  reach  both  groups. 
The  college-bound  student  should  have  the  opportunity  to  obtain  the 
very  best  preparation  for  his  college  needs.  As  far  as  science  is  concerned, 
many  of  the  colleges  expect  their  entering  students  to  be  well  prepared 
in  the  information  associated  with  subject-matter  areas.  Individual 
research  should  be  undertaken  by  each  teacher  to  find  out  to  what  extent 
he  can  equal  or  exceed  normal,  so-called  subject  mastery  through  func- 
tional teaching. 

Unit  study  by  subgrouping  in  work  committees  provides  for  students 
of  all  types.  With  the  academic  students  an  enriched  and  functional 
subject-matter  approach  may  be  the  more  suitable.  These  students 
especially  should  practice  the  understandings,  attitudes,  and  skills  neces- 
sary for  planning  and  indepemlent  study.  As  many  activities  as  possible 
should  be  provided  for  them.  In  other  words,  the  subject-matter  unit 
should  be  enriched  as  much  as  possible. 

With  the  stiLdents  who  terminate  their  formal  education  in  high  school 
the  life-problem  approach  is  a definite  unsiver.  With  this  group  much 
more  can  be  accomplished  by  any  teacher  with  the  wider  use  of  student 
participation  than  by  an  itilormation-centered  approach. 

Dividing  the  year’s  work  into  both  generalized  and  sjiecialized  ap- 
proaches has  great  possibilities  for  (1)  life-centered  understanding,  (2) 
youth-centered  problem-solving,  and  (3)  mastery  of  information.  How- 
ever, much  depends  upon  what  the  teacher  himself  is  able  to  do. 

SUMMARY 

1.  The  unit  method  of  teaching  has  definite  advantages. 

2.  The  type  of  unit  used  will  depend  upon  the  nature  of  the  learning 
group,  the  facilities  of  the  school,  and  the  community  resources. 

3.  The  unit  method,  like  any  other,  is  a means  to  an  end.  Unit 
teaching  should,  however,  help  the  science  teacher  in  preparing 
youth  to  appreciate  and  use  the  scientific  method  and  to  understand 

tk  the  main  facts  and  principles  concerning  the  universe,  the  world, 

m and  man. 

4.  For  a synthesis  of  informational  material  into  understandings, 

art  wholeness  in  organization  is  essential. 
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SECTION  2 

IMPROVING  SCIENCE  TEACHING 

“We  want  to  know  how  to  deviate  from  the  textbook  without  getting 
lost;  how  to  introduce  and  teach  a unit;  how  to  plan  with  pupils.  . . .” 

“We  want  to  know  how  to  change  the  morale  and  behavior  of  groups; 
how  to  use  the  principles  of  group  dynamics;  how  to  help  groups  reach 
decisions  and  evaluate  their  own  work;  how  to  relate  on-going  activity 
to  the  problems,  concerns,  and  tensions  of  pupils;  how  to  work  with  a 
small  group  in  a classroom  and,  at  the  same  time,  keep  other  pupils 
profitably  busy.  . . .” 

“We  want  to  know  how  to  spot  and  use  community  resources;  how  to 
find  people  who  know  the  answers  to  our  problems  and  how  to  get  their 
help;  how  to  build  units  on  problems  not  found  in  textbooks;  how  to 
provide  school  experiences  that  will  help  pupils  toward  maturity.” 

These  are  typical  of  the  replies  of  three  hundred  classroom  teachers 
to  an  inquiry  on  what  help  they  wanted  most.® 

Similar  “know  how”  problems  are  faced  by  many  teachers  today.  They 
have  been  created  by  the  impact  of  modern  education  upon  an  ancient  educa- 
tional process.  Statistics  which  reveal  startling  personal  and  social  shortages 
have  made  their  solution  a matter  of  deep  concern.  Their  consideration 
by  school  faculties  and  individual  teachers  is  challenged ; for  their  solution,  ex- 
perimentation must  move  into  the  classroom.^ 

Eor  a long  time,  the  research  pattern  used  in  education  has  been  based 
upon  the  methods  which  have  developed  progress  in  the  physical  sciences. 
Controlled  statistical  experimentation  has  established  the  validity  of 
many  educational  principles.  Because  of  this,  the  knowledge  of  what 
education  can  and  should  do  has  far  outrun  its  practices.  The  research 
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value  of  reports  which  are  filled  with  statistical  jargon  is  generally  in- 
complete because  the  classroom  application  is  not  accomplished. 

Reports  in  this  bulletin  indicate  how  individuals  have  solved  the  hoic 
to  problems  which  teachers  present,  d’he  results  as  reported  make  evi- 
dent the  factors  of  the  situation  which  produced  them— the  teacher,  the 
pupils,  the  school,  and  the  equipment.  They  provide  stimulation  and 
suggestions.  Yet,  bulletins  arid  reports  are  of  significance  not  in  what 
they  do  for  people,  but  in  what  they  get  people  to  do  for  themselves. 
Each  teacher  should,  through  experimentation,  try  out  and  reconstruct 
the  experiences  of  others,  in  his  own  classroom,  if  how  to  problems 
are  to  be  solved. 

First  attempts  may  not  achieve  full  success.  As  in  any  kind  of  problem- 
solving, learning-by-doing — particularly  learning-by-trying — is  the  best  ap- 
proach. Few  experiments  in  education  end  in  failure.  There  may  be  much 
room  for  improvement;  the  zeal,  vigor,  and  enthusiasm  which  the  experimenter 
himself  contributes  result  in  better  total  development  of  students  no  matter 
what  probable  results  may  be  measured.’ 

Some  directions  for  self-improvement  by  a teacher  are  indicated  in 
the  self-rating  chart  on  page  24. 

Achieving  Objectives 

When  a school  faculty,  a faculty  committee,  or  an  individual  teacher 
decides  upon  objectives  to  be  achieved,  materials  for  a direct  attack  upon 
the  objectives  are  prepared.  These  materials  usually  take  the  form  of 
(1)  improved  lesson  plans  or  topical  content  units  which  show  lateral 
enrichment— content,  objectives,  learning  activities,  and  enriched  means 
of  evaluation— entereijl  on  a flow  chart,  or  (2)  problem-solving  or  other 
units  for  which  the  objectives,  or  phases  of  them,  are  unit  titles  and 
bases  for  planning. 

Experimentation  is  necessary  in  the  tryout  and  evaluation  of  new  ma- 
terials and  methods. 

Another  kind  of  classroom  experimentation  is  the  “piecemeal'’  type. 
Problems  considered  are  those  that  arise  out  of  the  local  situation  and 
seem  of  importance  to  teachers.  This  problem-solving  is  cotistantly 
underway  with  many  teachers  to  whom  improvement  in  any  of  the  many 
day-by-day  ways  of  teaching  is  a constant  challenge.  As  a type  of  itiformal 
research,  it  is  of  great  value.  Its  steps  may  be  described  by  such  simple 
things  as:  (1)  an  idea  that  something  can  be  done  belter,  (2)  a tryout 

of  what  seems  belter,  (.3)  some  data  are  gathered,  (4)  judgment  is  used 
to  measure  irnproxiement,  (.5)  more  know-hoia  and  professional  satis- 
faction result.  This  action-research  can  be  carried  on  by  every  teacher. 
Without  it  curriculum  improvement  is  not  possible.- 
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A TEACHER’S  SELE  RATING  CHART 

CHECK 


1.  Can  I depart  from  daily  recitation  (textbook  assign- 
stndy-recite-qinz  procedure)  without  getting  lost? 

2.  Can  I plan  and  guide  an  experience  subject  matter 
unit? 

S.  Can  I plan  with  pupils  and  guide  an  experience  life- 
problem  unit? 

4.  Do  I know  how  to  use  the  principles  of  group 
dynamics? 

5.  Do  my  pupils  feel  free  to  discuss  their  problems  w'ith 
me? 

6.  Can  I relate  content  teaching  to  the  adolescent  prob- 
lems, concerns,  and  tensions  of  pupils? 

7.  Can  I subgroup,  form  committees,  etc.,  and  keep  all 
w'orking  on  a well-motivated  level? 

8.  Do  I know  how'  to  spot  and  use  community  resources? 

9.  Do  my  students  apply  the  principles  of  my  sidtject 
to  their  own  problems? 

10.  Do  I involve  the  introverted  and  “isolates”  in  group 
activities? 

11.  Do  I teach  my  pupils  how  to  read  and  study  my 
subject? 

12.  Do  my  students  use  good  English  in  oral  and  written 
reports? 

13.  Do  I continually  invite  student  problems  for  discussion 
and  problem-solving? 

14.  .Are  my  students  having  actual,  frequent  practice  in 
critical,  inductive  reasoning? 

15.  Do  I work  w4th  a club  to  further  special  interests? 

16.  Can  I define  the  actual  pupil  behaviors— thinking,  feel- 
ing, and  acting— which  1 am  trying  to  develop? 

17.  Do  I guide  learning  activities  in  w’hich  desirable  be- 
haviors are  practiced? 

18.  Have  I had  adequate  preparation  in  fields  which  are 
related  to  my  subject? 

19.  Do  I have  an  adequate  knowledge  of  my  object— the 
learner? 

20.  Have  I had  intensive  and  modern  preparation  in  the 
sidiject  I teach? 

21.  Do  I relate  my  w’ork  to  that  of  other  subject  teachers 
in  my  school  and  request  similar  cooperation? 

22.  Do  my  students  understand  the  vocational  opportuni- 
ties in  my  subject  field  or  work  to  which  it  may  lead? 

23.  Do  I praise  more  often  than  I blame? 

24.  Do  I subgroup  to  meet  the  special  needs  of  vocational 

and  precollege  students? 

25.  Do  I make  a special  effort  to  locate  and  encourage 
talented  youth? 


I’es 

? 

No 
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Obstacles  to  Action  Research  by  Teachers 

Secondary-school  teachers  and  principals  must  he  free  to  try  out  better 
methods  and  materials  without  threats  to  their  security.  Otherwise,  the  status 
quo  will  not  he  disturbed.  Individual  initiative  will  he  a lost  virtue.^ 

Administrative  encouragement  and  time  and  materials  promote  iacidty 
and  individual  teacher  action  research. 


REVIEW  OF  RECENT  RESEARCH  IN  SCIENCE  EDUCATION 

The  hnplications  of  Recent  Research  hi  the  Teaching  of  Science 
at  the  Secondary  School  Level 

This  summary'^  reviews  research  in  science  education  during  the  period 
1940-1948.  The  following  are  the  most  significant  items: 

1.  Certain  concepts  cannot  be  develojied  satisfactorily  with  younger 
students.  Proper  grade  placement  of  all  important  concepts  slioidd 
be  made. 

2.  Many  studies  place  emphasis  upon  the  practical  aspects  of  science 
programs— water  stijiply,  food,  conservation,  consumer  education, 
health.  The  teaching  of  formal  science  may  be  made  more  prac- 
tical and  longer  remembered  by  such  integration. 

.4.  An  integrated  sequence  of  general  science  for  the  7th,  8th,  and  9th 
grades  is  the  most  desirable  program  for  the  junior  high  school. 
Most  schools  offer  only  general  science  at  the  9th  grade.  Students 
who  have  had  general  science  throughout  the  junior  high  school 
show  superiority  in  later  courses  in  science  over  students  who 
have  not. 

4.  The  increasing  development  of  integrated  courses  in  physical  science 
is  significant. 

a.  Two  researches  show  that  students  taking  fused  courses  in 
physical  science  for  one  year  perform  better  on  tests  in  physics 
and  chemistry  than  do  students  who  take  cither  physics  or 
chemistry. 

b.  The  Forty-sixth  Yearbook®  stresses  the  value  of  physical  science 
for  both  college  and  noncollege-entrance  students. 

c.  The  majority  of  teachers  consider  physical  science  of  more  value 
than  physics  or  chemistry  for  noncollege-entrance  students. 

5.  Vocabularies  are  generally  too  difficult  in  textbooks.  More  applied 
science  is  being  included  in  current  texts.  Some  texts  present  prob- 
lem materials  in  a way  that  promotes  thinking. 

6.  If  attitudes  are  objectives,  they  should  be  taught  directly  since  the 
mere  study  of  science  does  not  make  a unique  contribution.  Marked 
improvement  is  evidenced  in  scientific  thinking  when  specific  atten- 
tion is  given  to  obtaining  this  outcome. 
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7.  There  is  a definite  need  for  more  direct  teaching  and  testing  for 
the  understanding  of  principles  and  for  the  development  of  scien- 
tific attitudes  and  skills. 

8.  For  superior  students  the  unit  plan  was  found  to  be  significantly 
better.  No  method  is  superior  for  all  topics  or  for  all  students  for 
subject  mastery.  A good  teacher  should  be  the  master  of  all  tools 
and  techniques  which  he  needs. 

9.  An  investigation  of  the  effect  of  the  study  of  chemistry  in  high 
school  upon  college  marks  favored  those  who  had  chemistry  in 
high  school,  but  the  results  were  not  significant. 

10.  Studies  indicate  that,  in  general,  teachers  of  science  in  high  schools 
are  not  so  well  trained  as  might  be  desired. 

SUMMARY 

1.  Modern  education  and  social  tensions  have  brought  critical  prob- 
lems to  teachers.  These  are  revealed  in  surveys  of  teacher  problems. 

2.  The  failure  of  an  inherited  secondary-school  program  which  is 
based  on  mastery  of  information  to  meet  modern  educational  de- 
mands has  created  the  need  for  more  vigorous  and  dynamic  types 
of  teaching. 

3.  Teachers’  problems  are  best  solved  by  cooperative  action  of  the 
total  faculty  or  of  a faculty  committee.  Experimentation  is  a 
necessary  phase  for  the  tryout  and  evaluation  of  results. 

4.  Grass-roots  action  research  should  be  a constant  procedure  in 
schools  where  the  use  of  teacher  initiative  is  valued  and  recognized. 
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SECTION  3 

MEETING  THE  IMPERATIVE  NEEDS  OE  YOUTH 


MEETING  YOUTH  NEEDS  ’ 

The  following  list  of  pupil  needs  and  the  manner  in  which  science  can 
contribute  to  meeting  them  was  compiled  by  a committee  of  teachers  from 
the  Northwestern  District  of  the  Pennsylvania  State  Education  Association  in 
cooperation  with  pupil  committees.  Although  the  list  is  not  exhaustive,  it  is 
evidence  that  science  education  can  contribute  to  meeting  the  needs  of  youth 
for  life  adjustment. 


CONTRIBUTIONS  OF  SCIENCE  TO  PUPIL-NEEDS 


I 


NEEDS 


HOW  MET  THROUGH  SCIENCE 
EDUCATION 


1.  Skills,  understandings,  and  at- 
titudes that  make  the  worker 
an  intelligent  and  productive 
participant  in  economic  life 

a.  Scientific  understandings  to 
help  in  choosing  a vocation 


b.  Carefulness,  neatness,  and 
precision 

c.  Recognition  of  the  impor- 
tance of  an  honest  achieve- 
ment on  the  pupil’s  level 
and  the  limit  of  his  ability 


d.  Projjer  method  of  pouring 
liquid  from  bottles,  han- 
dling of  stoppers,  correct 
methods  in  measuring, 
practicing  safety  factors 

2.  All  youth  need  to  develop  and 
maintain  good  health  and 
physical  fitness 

a.  Knowledge  that  certain  dis- 
comforts, shortages,  and 
physical  ills  are  not  neces- 
sary in  a scientific  society 


a.  The  exploration  of  the  various 
subject  areas  in  science  provides 
an  insight  into  occupations  and 
interests.  Field  trips  to  in- 
dustrial plants  and  laboratories 

b.  Laboratory  experience,  proper 
form  in  making  reports,  etc. 

c.  Ehe  report  of  a laboratory  ex- 
periment performed  by  the 
pupil  and  written  iqj  as  a report 
of  his  own  efforts  with  correct 
deductions  and  conclusions  is 
an  excellent  motivating  device 
to  accomplish  attainment  of 
this  understanding 

d.  Constant  practice  in  laboratory 
exercises 


a.  The  study  of  foods  as  to  nutri- 
tive value  and  vitamin  content; 
how  each  contributes  to  the 
growth,  development,  and 


1 See  Bulletin  243,  Curricnlum  Improvement  by  a Secondary  School  Faculty.  Department  of 
Public  Instruction. 
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NEEDS 


HOW  MET  THROUGH  SCIENCE 
EDUCATION 


b.  Functional  knowledpe  of 

o 

community  health  and 
safety;  higher  living  stand- 
ards 

3.  Knowledge  and  practice  of  the 
rights  and  duties  of  a citizen  in 
a democratic  society;  as  a 
member  of  the  community, 
and  as  a citizen  of  the  State 
and  Nation 

a.  To  develop  standards  which 
will  make  for  desirable 
civic  and  social  outlook 


b.  Knowledge  and  practice  of 
democratic  processes,  the 
accejDtance  of  authority  and 
responsibility 


c.  An  understanding  that 
property  rights,  human 
rights  and  privileges  must 
be  respected  in  harmonious 
social  living 

(This  understanding  also 
contributes  to  satisfying 
need  under  item  4) 


maintenance  of  certain  parts  of 
the  body  and  nervous  system. 
Discovery  and  research  in  the 
field  of  medicine  bring  newer 
methods  and  materials  to  pro- 
duce a desired  effect.  Research 
is  providing  substitutes  for 
natural  products  which  are  be- 
coming scarce  and  expensive; 
new  alloys  lighter  and  stronger, 
etc. 

1).  Study  of  the  subject  areas  of 
sanitation,  food  inspection  and 
grading,  pure  food  laws,  in- 
dustrial processes  used  in  the 
community 


a.  Opportunity  to  practice  such 
standards  through  group  par- 
ticipation in  the  science  labora- 
tory and  classroom.  The  conse- 
cjuences  o£  poor  standards 

b.  Laboratory  work  by  pupils 
working  in  groups  and  a con- 
sideration of  the  history  and 
development  of  modern  science 
lend  themselves  admirably  to 
development  of  democratic 
processes  and  acceptance  of 
responsibility 

c.  The  practice  of  students  work- 
ing in  groujos,  classes  working 
together  on  a single  problem, 
groups  working  together  in  the 
laboratory,  for  all  of  which 
properties  and  supplies  are  is- 
sued, can  be  made  a tool  for 
practicing  this  understanding 
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NEEDS 


HOW  MET  THROUGH  SCIENCE 
EDUCATION 


4.  Understanding  the  significance 
of  the  family  to  the  individnal 
and  to  society  and  the  condi- 
tions conducive  to  successful 
family  life 

a.  Application  of  biological 
facts  and  laws  of  physical 
science  to  present-day  life 
situations 

b.  Sex  education 


c.  Ability  to  handle  contro- 
versial issues 


d.  Ability  to  participate  in 
group  processes  and  co- 
operative activities 


e.  A sense  of  right  and  wrong 
— i.  e.,  moral  and  spiritual 
values 

5.  All  youth  need  to  know  how 
to  purchase  and  use  goods  and 
services  intelligently,  under- 
standing both  the  value  re- 
ceived by  the  consumer  and 
the  economic  consequences  ol 
their  acts 


a.  The  study  of  these  subject  areas 
should  provide  opjrortunity  for 
relating  them  to  present-day 
life  situations 

1).  The  study  of  reproduction,  per- 
sonal health  and  hygiene,  fam- 
ily relationships  and  laws  of 
heredity,  all  contribute  to  meet- 
ing this  need 

c.  Consitleration  as  a group  of 
such  subjects  as  the  develop- 
ment and  means  of  control  of 
atomic  energy  and  atomic  weap- 
ons; acting  as  chairman  of  class 
committee  considering  history 
of  the  development  and  ac- 
ceptance of  certain  laws  in 
science,  etc. 

d.  No  subject  offers  greater  or 
wider  possibilities.  Develop- 
ment of  cooperative  planning 
and  execution  of  science  units 
involving  laboratory  solutions 
of  problems  is  ideal  for  group 
learning  experiences.  Com- 
mittee and  group  programs  can 
be  utilized 

e.  Laboratory  work  in  science  can 
be  made  an  ideal  tool  with 
which  to  develop  this  trait 
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NEEDS 


a.  Ability  to  make 
choices 


HOW  MET  THROUGH  SCIENCE 
EDUCATION 


wise 


a.  Practice  in  use  ot  the  scientific 
method 


b.  Consumer  education 


c.  The  practice  of  general 
economy  in  use  of  materials 
and  energy 


d.  Knowledge  leading  to  wise 
selection,  use,  and  conserva- 
tion of  family  resources, 
such  as  food,  clothing, 
housing,  home  furnishings, 
home  equipment 

e.  Care  in  handling  and  ma- 
nipulating precision  tools 
and  instruments 

f.  Conservation  of  human  and 
natural  resources 


b.  Can  be  interwoven  through  all 
science  subjects  by  emphasis  on 
such  subjects  as  grading  of  ma- 
terials, cost  of  production, 
natural  resources  and  supply  of 
raw  materials,  synthetic  prod- 
ucts and  substitutes,  laboratory 
analysis,  reports  on  consumer 
research 

c.  Laboratory  processes  show  that 
in  general,  desired  results  can 
be  obtained  only  with  exact 
amounts  of  materials  and  sup- 
plies as  recommended  and  that 
variations  in  these  amounts  ob 
scure  the  desired  result  and  pro 
duce  misleading  observations. 
Use  of  small  amounts  is  often 
better  than  use  of  large 
amounts  in  observing  a stated 
chemical  change  or  process. 
Commercial  chemical  processes 
show  the  value  of  economical 
use  of  materials.  This  same 
economy  in  use  of  materials  can 
be  carried  over  into  general  life 
situations 

d.  Study  of  foods  in  biology  and 
chemistry;  textiles  in  general 
science  and  chemistry;  building 
materials  and  their  properties 
in  chemistry  and  physics;  ma- 
chines used  in  the  home  in 
physics,  etc. 

e.  Instruction  and  practice  in  the 
use  of  balances,  meters,  measur- 
ing instruments 

f.  Laws  of  health;  knowledge  of 
uses  and  sources  of  natural  raw 
materials  with  consideration  to 
probable  supply;  methods  of 
conservation 
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1 

I 


NEEDS 


g.  Functional  knowledge  ot 
merchandise 


h.  Realization  that  one  never 
gets  something  for  nothing 
in  the  physical  universe 

6.  All  youth  need  to  understand 
the  scientific  method,  the  in- 
fluence of  science  on  human 
life,  and  the  main  scientific 
facts  concerning  the  nature  of 
the  world  (universe) , and  of 
man 

a.  Understanding  scientific 
problems 


b.  Understanding  life  today 
with  recognition  of  events 
in  the  past  and  their  bear- 
ing on  present-day  living 

c.  Substitution  of  scientific 
fact  for  superstition  and 
traditional  beliefs 


d.  Use  of  scientific  methods  in 
place  of  the  uncontrolled, 
biased,  and  fragmentary 
methods 

e.  Knowledge  of  natural  en- 
vironment and  phenomena 
and  their  effect  on  life  and 
culture  of  the  community. 


HOW  MET  THROUGH  SCIENCE 
EDUCATION 


g.  Knowledge  of  sources  of  various 
articles  of  merchandise;  tests 
for  various  fabrics  and  textiles 
and  for  authenticity  of  goods 

h.  Applications  in  physics  and 
chemistry  thoroughly  meet  the 
concept  that  everything  must 
be  paid  for 


a.  Through  consideration  of  agri- 
cultural problems  of  crop  feed- 
ing, selection,  and  production; 
industrial  problems  based  upon 
scientific  inventions  which  in- 
volve change  in  labor  supply 
and  demand;  community  prob- 
lems involving  scientific 
changes,  such  as  water  supply, 
sewage  disposal,  power  supply, 
etc. 

b.  Discoveries  and  inventions  in 
science  have  had  and  are  having 
a profound  influence  on  present- 
day  living 

c.  Through  the  acquisition  of 
knowledge  of  natural  laws  and 
scientific  principles,  an  under- 
standing of  the  true  explana- 
tion can  take  place 

d.  Constant  training  in  the  appli- 
cation of  the  scientific  method 
in  laboratory  exercises  and  re- 
ports 

e.  Since  this  is  one  of  the  primary 
objectives  of  science  education, 
it  is  accomplished  through  a 
knowledge  of;  natural  laws  and 
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NEEDS 


the  nation,  and  the  peoples 
of  the  world 


f.  Appreciation  of  the  close 
relationships  between  scien- 
tific knowledge  and  achieve- 
ment and  human  welfare, 
industrial  progress,  and 
economic  trends 


g.  Elementary  knowledge  of 
the  construction  and  use  of 
machines  used  in  the  home 


h.  Knowledge  of  the  sources 
of  electric  power  and  uses 
of  electricity 

(Also  see  5,  f and  h) 

7.  All  youth  need  opportunities 
to  develop  their  capacities  to 
appreciate  beauty  in  literature, 
art,  music,  and  nature 
a.  Accuracy  and  alertness  in 
observation 


b.  Appreciation  of  the  rela- 
tion of  science  to  cultural 
life 


HOW  MET  THROUGH  SCIENCE 
EDUCATION 


their  application;  natural 
growth  and  development  in  the 
animal,  vegetable,  and  mineral 
kingdoms;  soil  erosion  and  con- 
servation; laws  of  heredity;  cli- 
mate; etc. 

1.  A consideration  of  the  work 
necessary  to  build  a new  in- 
dustrial plant;  emphasis  on 
sociological  implication  of  dis- 
coveries and  inventions  in  sci- 
ence, medicine;  safety  factors, 
transportation,  communication, 
etc. 

g.  Physics  and  general  science  fur- 
nish excellent  opportunity  to 
gain  a workable  knowledge  in 
this  area.  This  is  an  appropri- 
ate area  for  Physical  Science  for 
1 1th  or  12th  grade 

h.  General  science  and  physics 
will  supply  this  need 


a.  Through  individual  laboratory 
work  in  which  the  solution  de- 
pends upon  the  individual  and 
on  him  alone 

b.  Through  attention  to  the  effect 
on  our  culture  of  discoveries 
and  inventions,  and  new  appli- 
cations of  science  principles. 
These  have  given  us  radio, 
television,  modern  methods  of 
transportation,  new  fabrics  and 
textiles,  all  of  which  have 
changed  our  standards  of  living 
and  of  recreation.  Science 
abounds  with  material  to  ac- 
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NEEDS 

HOW  MET  THROUGH  SCIENCE 
EDUCATION 

complish  this  need.  Also 
through  consideration  of  the 
work  of  noted  scientists,  their 
methods  of  work,  their  achieve- 
ments, and  the  effect  of  their 
work  on  human  life  and 
culture 

c.  Applications  of  principles 

c.  Physics  presents  these  principles 

of  color  and  light 

and  opportunities  to  learn  their 
application 

d.  Application  of  the  princi- 

d.  Physics  presents  these  princi]des 

pies  of  sound 

and  opportunities  to  practice 
their  application 

e.  Appreciation  of  the  biolog- 

e.  Biology  and  chemistry  both  con- 

ical  principles  involved  in 

tribute  much  to  satisfy  this 

the  selection  and  preserva- 

need— protective  coloring,  fall 

tion  of  species  in  nature 

8.  All  youth  need  to  be  able  to 
use  their  leisure  time  well  and 
to  budget  it  wisely,  balancing 
activities  that  yield  satisfac- 
tions to  the  individual  with 
those  that  are  socially  useful 

coloring  in  leaves  of  deciduous 
trees,  etc. 

a.  How  to  spend  leisure  time 

9.  All  youth  need  to  develop 
respect  for  other  persons,  to 
grow  in  their  insight  into 
ethical  values  and  principles, 
and  to  be  able  to  live  and  work 
cooperatively  with  others 

a.  Various  phases  of  science  often 
provide  the  individual  with  an 
interest  and  incentive  lor  hob- 
bies; e.  g.,  photography,  hydro- 
ponics, radio.  Science  clubs 
form  excellent  media  for  stimu- 
lating hobbies 

a.  Respect  for  the  dignity  of 

a.  Consideration  of  the  work 

common  labor 

phases  necessary  to  completion 
of  various  industrial  processes 
will  show  the  necessity  for  all 
types  of  labor,  each  making 
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b.  Tolerance  for  opposing 
viewpoints  and  opinions, 
and  for  others  with  lesser 
abilities  in  certain  areas  of 
living 

c.  Respect  for  integrity  and 
a ilesire  for  truth 


(See  also  4 c,  d,  and  e) 

10.  All  youth  need  to  grow  in 
their  ability  to  think  ration- 
ally, to  express  their  thoughts 
clearly,  and  to  read  and  listen 
with  understanding 

a.  Ability  to  read  and  inter- 
pret the  printed  page  accu- 
rately 

b.  Carefulness  and  correctness 
in  the  use  of  words--ac- 
curacy  of  statement 


c. 

Exactness 

in  written  ex- 

pression 

d. 

Exactness 

in  oral  expres- 

sion 

HOW  MET  THROUGH  SCIENCE 
EDUCATION 


valuable  contribution  to  the 
whole,  without  which  the 
process  could  not  be  brought  to 
fruition 

b.  Study  of  the  history  of  science 
and  biographies  of  noted  scien- 
tists; group  participation  in 
solving  problems 

c.  Study  of  the  history  of  solutions 
of  various  specific  scientific 
problems,  e.  g.,  the  conquest  of 
yellow  fever  in  the  Canal  Zone; 
specifics  in  medicine  and  drugs. 
Individual  laboratory  work  in 
solving  assigned  problems.  Bi- 
ographies of  noted  men  in 
science  and  their  search  after 
truth 


a.  The  study  of  science  provides 
a new  vocabulary  and  a new 
field  for  reading.  Accuracy  of 
interpretation  is  necessary 

b.  The  study  of  science  provides 
an  active  speaking  vocabulary 
and  teaches  that  a careful  choice 
of  words  must  be  made  in  ex- 
pressing scientific  laws  and 
principles 

c.  Reports  on  laboratory  exercises 
and  testing  programs  demand 
exactness  and  accuracy  in  ex- 
pression 

d.  Giving  oral  reports  on  research, 
stating  scientific  principles  and 
laws,  reports  on  laboratory  ob- 
servations, trips,  and  interviews 
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e.  Ability  to  listen  eftectively  e. 


£.  How  to  tell  fact  from  fancy  f. 
in  advertising  claims; 
propaganda  analysis 


g.  Ability  to  reason  from  ob-  g. 
served  phenomena  to  the 
general  principles  involved 


h.  Effective  habits  of  thought  h. 


i.  Knowledge  of  a diversity  i. 
of  scientific  terms  and  their 
meanings  adequate  for 
reading  magazine  and  news- 
paper articles  with  under- 
standing and  appreciation 

(See  also  4c) 


HOW  MET  THROUGH  SCIENCE 
EDUCATION 


Listening  to  reports  of  student 
groups  on  phases  of  cooperative 
work  and  reporting  on  same 
Listening  to  instructions  which 
are  given  but  once 

Knowledge  of  various  tests 
which  can  be  made  and  of  the 
actual  materials  and  their  prop- 
erties used  in  the  manufacture 
of  the  advertised  merchandise 

Laboratory  work  aims  at  de- 
veloping this  habit,  i.  e.,  the 
scientific  attitude  of  forming 
logical  conclusions  from  es- 
tablished facts  and  principles 

Development  of  a logical  con- 
clusion from  observed  facts  in 
laboratory  work,  in  reading  and 
research,  through  correct  test- 
ing techniques 

Attainment  of  an  adequate 
scientific  vocabulary 


SECTION  4 

TEACHING  STUDENTS  TO  STUDY  SCIENCE 

Much  has  heen  written  concerning  the  need  for  the  study  hahits  and  skills 
which  are  necessary  for  efficient  learning.  Such  treatises  usually  deal  with 
methods  of  study  in  general  and  do  not  treat  particular  subjects.  However, 
every  subject  teacher  is  responsible  for  the  development  of  both  the  general 
and  specific  reading  skills  which  his  students  need. 

Much  that  has  been  written  applies  to  other  subjects  as  well  as  to 
science.  The  first  part  of  this  discussion  reviews  some  suggestions  for 
study  that  apply  to  all  subjects.  Later,  some  suggestions  are  made  that 
apply  more  specifically  to  the  field  of  science. 
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HOW  TO  STUDY 

A Definite  Time  and  Place 

The  first  step  in  formulating  a plan  of  study  is  to  establish  a schedule 
for  study.  The  school  program  provides  a definite  time  and  place  for 
each  subject.  The  individual  student  should  be  encouraged  to  find  a 
definite  time  and  place  for  study  out  of  class.  Few  subjects  can  be 
mastered  without  some  attention  outside  the  classroom.  It  should  be 
pointed  out  to  the  student  that  dependence  upon  unscheduled  free  time 
for  study  usually  results  in  no  study  whatever.  Likewise  a good  student 
will  find  a place  to  study  where  he  will  not  be  disturbed.  Here  he  will 
read  his  assignments,  review,  formulate  questions  on  which  he  needs  help, 
or  do  whatever  is  necessary  to  fidfill  his  obligations  to  the  course.  The 
time  allotted  need  not  be  great,  but  it  should  be  scheduled,  and  the 
schedule  kept. 

Reading  DifRculties 

Since  preparation  for  classwork  may  be  reading,  the  teacher  and  the 
student  should  make  a frank  appraisal  of  the  student’s  reading  ability. 
Many  students  do  not  learn  as  much  from  reading  as  they  should.  Many 
are  just  lazy  readers.  Others  are  not  book-minded.  Instructors  should 
he  on  the  alert  to  help  poor  readers  become  better  readers.  Although 
some  schools  have  remedial  programs  designed  to  help  students  who  are 
low  in  general  reading  ability,  much  can  be  done  by  the  science  teacher 
Iiimself. 

Research  shows  that  a preliminary  overview  of  the  written  material, 
followed  by  a close  study  with  note-taking,  results  in  best  comprehension. 
Preparation  of  questions  or  the  study  of  questions  at  the  end  of  the 
chapter  before  reading  has  been  found  helpful.  Reading  to  find  the 
answers  to  questions  is  very  productive.  The  pupil  should  also  acquire 
by  practice,  with  the  instructor’s  help,  the  ability  to  make  outlines. 
Merely  assigning  work  without  suggesting  ways  to  attack  it  is  not  enough. 

d’he  science  teacher  should  have  available  many  popular  books  and 
magazines  on  science.  The  students’  recreational  reading  can  be  used 
to  provide  strong  motivation  for  more  serious  study.  In  addition, 
abundant  resource  material  to  supplement  the  textbook  should  be 
available  in  a classroom  library. 

Seeing  is  the  best  way  for  some  students  to  learn;  for  others,  hearing  and 
listening  are  best;  and  for  still  others,  handling  objects.  Many  learn  best  by 
a combination  of  all  three.®  Hence,  there  is  a need  to  combine  all  approaches, 
and,  at  the  same  time,  to  give  opportunities  for  each  student  to  learn  in  the 
way  or  ways  most  suited  to  him.  The  book-minded,  the  hand-minded,  and  the 
audio-visual-minded,  all  must  learn.  Experience  units  provide  learning  activities 
of  all  types. 


SOME  STUDENTS  LEARN  BY  HANDLING  OBJECTS 


Development  of  Reading  Skills 

For  most  students,  reading  is  a universal  way  of  learning.  Any  teacher 
has  it  in  his  power  to  improve  student  periormance  in  this  respect  by 
the  following  procedure: 

1.  Have  all  students  read  a page  or  pages  of  material  for  one  minute, 
starting  and  stojiping  on  signal.  The  stopping  jjlace  is  marked. 

2.  Uncover  on  a blackboard  five  or  ten  comprehension  cpiestions 
concerning  the  material  which  has  been  read.  These  reqinre  of 
each  pupil  answers  on  paper. 

3.  The  correct  answers  to  the  comprehension  questions  are  provided. 

4.  Each  pupil  marks  his  own  paper  on  comprehension  and  counts  the 
number  of  words  he  read  in  one  minute. 

5.  List  the  number  of  words  read  by  each  piqjil.  Find  the  mean 
or  median.  List  the  nundter  of  cpiestions  answered  by  each  pupil. 
Find  the  mean  or  median. 

6.  Each  pupil  studies  his  own  standing  with  respect  to  his  fellows. 
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7.  Graph-keeping  by  individual  students  of  weekly  exercises  of  this 
type  indicates  deficiencies,  promotes  self-appraisal  and  practice, 
and  improves  the  student’s  reading  ability,  unless  actual  psycho- 
logical difficulties  exist  that  require  a specialist. 

Research  on  Reading  Skills 

Recent  research  on  reading  provides  the  following  conclusions: 

1.  There  exists  a high  degree  of  specificity  in  the  factors  relating  to 
reading  in  a specific  subject  area.^ 

2.  Diseases  or  defects  are  21.2  per  cent  more  frequent  among  reading 
failures.^ 

3.  The  subnormal  boy  may  be  a keen  reader  with  a critical  attitude.^ 

4.  Easy  material  has  short  sentences  with  a high  proportion  of  com- 
mon words.® 

5.  Shorter  words  and  sentences  make  for  increased  comprehensibility.® 

6.  Superior  college  students  are  not  uniformly  efficient  reacfers.  Less 
than  half  read  faster  than  325  words  per  minute.® 

7.  There  are  factors,  in  addition  to  reading  competence,  essential  for 
success  in  study  activities.® 

8.  Many  textbooks  are  more  difficult  in  reading  than  their  grade 
placement. 1® 

9.  Children  need  help  in  reading  diagrams.'^ 

10.  There  seems  to  be  no  doubt  that  the  task  of  mastering  the  vocabu- 
lary peculiar  to  chemistry  is  beyond  what  reasonably  ought  to  be 
expected  of  a high  school  student.  Much  of  the  difficulty  of 
chemistry  and  other  sciences  is  verbal  in  character.® 

11.  Students  forget  because  more  emphasis  is  placed  on  information 
than  upon  the  application  of  facts  and  principles  in  solving 
problems.® 

Developing  Student  Interest  and  Effort 

Teachers  of  all  subjects  agree  that  little  can  be  learned  without  an  interest 
in  the  material  to  be  studied  on  the  part  of  the  student.  An  interest  is  a fusion 
of  pupil  needs.  Good  instructors  spend  considerable  time  in  developing  an 
interest  by  focusing  or  basing  the  learning  experiences  on  instinctive  psycho- 
biological  pupil  needs  and  problems.  The  instructor  must  have  a deep  interest 
in  the  subject  and  in  the  student  himself,  if  he  expects  the  student  to  become 
interested. 

Many  needs  are  acquired.  The  teacher  should  provide  leads  as  well 
as  meet  needs.  Few  fields  of  human  endeavor  are  devoid  of  interesting 
possibilities.  Ways  of  developing  pupil  interest  are:  (1)  class  trips,  (2) 
talks  by  scientists  in  the  community,  (3)  science  clubs,  (4)  popular 
reading  in  the  science  field,  and  (5)  vocational  emphasis. 
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The  science  instructor  should  strive  to  present  inaterial  so  pertinent 
to  the  needs  of  young  people  in  learning-by-doing  situations  that  such 
artificial  aids  as  memorizing  and  cramming  are  unnecessary.  Informa- 
tion that  is  used  in  and  out  of  the  classroom  soon  becomes  the  possession 
of  the  learner.  This  ideal  of  learning  may  be  approached  by  unremit- 
ting attention  to  the  real  problems  of  youth. 

Drill  and  Review 

Review  for  examination  is  necessary.  Many  instructors  provide  time 
for  drill  and  review  as  need  arises  during  regular  unit  study.  Review- 
ing concepts,  principles,  factual  data  and  applications  for  examinations 
is  not  to  be  confused  with  “cramming”  wherein  the  student  attempts  to 
learn  at  one  sitting  material  that  should  have  been  learned  over  a period 
of  several  weeks  or  months.  There  should  be  frequent  review  of  basic 
concepts  in  subjects  and  units  that  have  been  studied. 

HOW  TO  STUDY  SCIENCE 

Special  procedures  in  learning  science  are  derived  largely  from  the 
emphasis  of  science  on  “thing  learning.”  Scientists  are  willing  to  accept 
authoritative  information  tentatively,  but  they  turn  to  nature’s  objects 
themselves  for  final  confirmation.  In  many  cases  of  learning  this  is  not 
possible,  but  it  is  the  very  lifeblood  of  the  science  program.  The  labora- 
tory is  the  citadel  of  the  scientist.  It  is  in  the  laboratory  that  he  puts  the 
objects  to  the  test. 

Laboratory  Work 

Students  studying  science  learn  to  realize  that  the  purpose  of  the 
laboratory  is  for  the  learner  to  discover  truths  from  the  objects  that  sur- 
round him  and  to  confirm  or  reject  facts  presented  by  others.  In  some 
cases  it  is  better  to  have  the  instructor  or  selected  students  do  the  actual 
experiment.  At  other  times  individual  students,  pairs,  or  groups  of 
students  should  work  together  on  an  exjjeriment.  Inductive  research 
should  precede  and  be  supplemented  by  book  study.  Many  important 
discoveries  have  been  made  by  alert  students  who  believed  the  evitlcnce 
of  their  own  eyes  rather  than  that  of  the  person  who  wrote  the  book. 
The  questioning  attitude  should  be  encouraged. 

Students  might  well  be  encouraged  to  set  up  their  own  experiments 
to  check  what  seems  to  them  to  be  the  truth.  The  necessity  of  controls 
should  be  carefully  developed.  Students  are  apt  to  draw  conclusions 
from  the  results  of  one  trial  when  a control  would  show  that  the  same 
results  might  not  follow  under  other  conditions. 
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Scientists  use  the  outdoors  as  a laboratory  as  well  as  the  indoors  in 
seeking  for  new  truths.  The  secondary  student  seeking  to  understand 
science  should  be  encouraged  to  do  likewise.  Important  truths  may  be 
discovered  with  simple  materials  and  ecpiipment. 

Developing  Skill  in  Measurement 

Scientists  have  found  it  necessary  to  measure  things,  d’herefore  some 
of  the  work  in  the  laboratory  will  deal  with  measuring  such  things  as 
sizes  and  weights  of  objects,  sjreeds  of  moving  objects,  and  temperatures. 
These  measurements  must  be  done  carelidly,  repeated,  and  averaged  in 
order  to  detect  important  dilterences.  Students  not  accustomed  to 
measuring  things  precisely  must  learn  to  do  so  or  the  results  of  their  ex- 
periments will  not  be  worth  anything.  Instructors  must  be  jratient  but 
insistent  on  careful  measurements. 

Scientists  have  found  the  metric  system  of  measurements  much  more 
siutable  than  other  systems  of  measurement.  The  metric  system  is  basetl 
on  the  decimal  system,  and  once  mastered  has  many  advantages.  The 
best  way  to  master  the  metric  system  is  to  use  it  in  the  laboratory  and 
in  everyday  life.  Quick  memorizing  results  in  quick  forgetting. 

Mastering  the  Vocabulary  of  Science- 

Many  students  find  it  very  difficult  to  learn  the  new  names  connected  with 
the  various  fields  of  science.  Many  of  these  terms  are  unavoidable,  such  as  the 
names  of  the  elements.  In  the  life  sciences,  many  names  are  derived  from 
Latin,  and  students  are  prone  to  rebel  at  learning  such  names. 

Teachers  must  be  skillful  indeed  to  introduce  necessary  technical 
language  slowly  enough  so  that  students  will  learn  to  use  it.  With  use 
will  come  familiarity.  If  the  terms  are  not  to  be  used,  there  is  no  excuse 
for  learning  them.  Instructors  must  be  sympathetic  with  the  student’s 
conditioning  against  technical  terms  since  some  of  the  conditioning  was 
done  by  adults,  even  by  teachers.  Explanations  of  the  meaning  of  words, 
explanations  of  the  reasons  for  such  terms,  accompanied  by  an  honest 
effort  to  reduce  the  difficult  terminology  to  those  that  will  actually  be 
used  by  the  majority  of  the  students,  will  go  far  to  eliminate  the  mind- 
set against  the  introduction  of  new  words  in  the  science  class. 

Use  of  Inductive  Reasoning 

Students  should  be  encouraged  to  use  scientific  methods  outside  the  science 
class.  Students  should  constantly  ask  such  questions  as:  Where  did  you  get 
your  information? — What  is  your  evidence? — Did  you  see  it  happen? — Were 
you  there  when  it  happened? — What  is  your  authority  for  such  a statement? — 
Is  your  source  of  information  reliable? — Who  was  the  author  of  the  book  that 
you  quoted? 

Careful  thinkers  admonish  us  to  say,  “I  believe  this  to  be  true”  or  “The 
evidence  points  this  way.”  People  who  know  little  may  be  positive  in 
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their  assertions,  but  the  learned  scientist  will  usually  speak  more  humbly. 
Students  should  have  many  opportunities  to  practice  such  thinking. 
Perhaps  the  most  Inutiul  method  of  teaching  a high  regard  for  truth  is 
for  the  instructor  to  employ  such  practices  and  to  have  such  a regartl 
in  his  everyday  work  with  the  students  of  the  secondary  schools. 

SUMMARY 

1.  Every  subject  teacher  is  responsible  for  the  development  of  the 
general  and  special  study  skills  of  his  pupils. 

2.  General  study  skills  involve:  (1)  a regular  time  and  place,  (2) 
general  reading  abilities,  (3)  developing  student  interest  and  effort, 
and  (4)  drill  and  review. 

8.  Specific  study  skills  in  science  include:  (1)  skill  in  laboratory 

work  and  observation,  (2)  skill  in  measurement,  (3)  reading  skills, 
(4)  vocabulary  mastery,  and  (5)  the  use  of  inductive  reasoning. 

4.  There  is  much  that  every  science  teacher  can  do  to  improve  the 
reading  of  his  students.  Assigning  and  hearing  lessons  is  not 
enough.  Simple  drills  and  measurements  achieve  significant 
progress. 

5.  Teaching  which  emphasizes  mastery  of  information,  rather  than 
principles  and  their  applications,  contributes  to  low  retention. 
Facts,  understandings,  attitudes,  and  behaviors  are  taught  most 
economically  and  effectively  when  they  develop— through  use— in 
group  and  individual  prolilem-solving. 
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SECTION  5 

HELPING  YOUTH  TO  SOLVE  THEIR  VOCATIONAL  PROBLEMS 

One  of  the  greatest  concerns  of  youth  is  that  of  finding  a suitable  life  work. 
In  this  area  the  science  teacher  has  a great  opportunity.  Many  hundreds  of 
types  of  oceupations  require  scientific  skills.  It  is  the  responsibility  of  every 
science  teacher  to  point  out  where  opportunities  exist.  This  is  especially  true 
for  the  science-talented  youth. 

Educators  today  have  widely  accepted  the  fact  that  all  good  teachers 
are  guidance-minded.  The  students  who  are  in  science  classes  should 
aajuire  not  only  subject  matter,  but  also  many  personality  factors,  and 
much  vocational  information  and  career  guidance.  This  guidance  has 
much  merit  where  good  teachers  can  establish  rapport  by  displaying 
interest  in  the  total  welfare  of  their  stucfents.  The  subject  teacher  in 
this  situation  can  exert  an  inspirational  influence  greater  than  that  of 
many  guidance  specialists. 

Present-day  living  and  the  world  in  which  future  generations  will 
exist  is  and  will  be  increasingly  scientific.  Science  teachers  should  keep 
abreast  of  the  vocational  trends  in  scientific  occupations.  They  should 
be  cognizant  of  some  of  the  general  requirements  to  be  met  in  the  more 
popular  scientific  vocations. 

The  selection  of  a suitable  lifework  should  be  a process  in  which  the 
relationship  of  abilities,  interests,  and  personality  factors  is  carefully 
considered.  A properly  chosen  vocation  can  bring  about  satisfactions 
to  the  individual  in  three  ways: 

1.  Physical  well-being,  using  up  mental  and  physical  energy 

2.  Ego-satisfaction 

3.  Social  acceptability,  developed  through  extroverted  living 

A balance  among  these  three  must  exist  throughout  a person’s  entire 
life  if  he  is  to  be  a constructive,  productive,  efficient  worker.  This 
balance  is  possible  only  if  an  em^^loye  achieves  it  in  a satisfying  vocation 
suited  to  his  particular  make-up. 

Classification  of  Occupations 

Thousands  of  occupations  are  listed  and  defined  under  the  following 
headings  in  the  Dictionary  of  Occupational  Titles,  published  by  the 
U.  S.  Department  of  Labor.  It  can  be  secured  from  the  Superintendent 
of  Documents,  Washington,  D.  C. 
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0 Professional  and  Managerial 

Professional 
Semiprofessional 
Managerial  and  Official 

1 Clerical  and  Sales 

2 Service 

Domestic  Service 
Personal  Service 
Protective  Service 
Building  Service 

3 Agriculture,  Fishery,  Forestry,  ami 
Kindred  Occupations 

Agriculture 
Fishery  Occupations 
Forestry  Occupations 

4-5  Skilled  Occupations 

6-7  Semiskilled  Occupations 

8-9  Unskilled  Occupations 

Most  of  the  “0”  coded  vocations  retjuire  college  education  and  usually 
demand  a high  degree  of  academic  and  technical  skill.  Codes  4-,  6-,  8- 
and  Codes  5-,  7-,  9-  relate  respectively  to  occupations  in  similar  fields  but 
in  skilled  (4-,  5-) , semiskilled  (6-,  7-) , and  unskilled  (8-,  9-)  categories. 
Codes  4-  and  5-  usually  involve  apprenticeship  training  and  may  involve 
a considerable  degree  of  academic  instruction.  They  require  a high 
degree  of  manual  skill  and  some  technical  and  academic  skill.  Training 
in  these  skills  can  be  developed  in  high  school  shops,  technical  schools, 
or  on-the-job  programs.  The  6-  and  7-  codes  are  semiskilled  trades  and 
require  little  academic  preparation.  The  8-  and  9-  codes  are  unskilled 
and  require  little  training,  not  over  one  week  on  the  job. 

Under  the  preceding  headings,  more  than  40,000  different  jobs  are 
listed  and  defined  in  terms  of  the  duties  performed  and  the  various 
phases  of  the  job.  Many  classifications  of  occupations  in  the  various 
sciences  cut  across  this  entire  listing.  Many  are  majors  in  one  of  the 
sciences,  and  many  require  combinations  of  training  in  several  phases 
of  science. 

The  list  of  occupations  on  page  44-49  is  charted  to  convey  a general  idea  as 
to  the  variety  of  jobs  available,  types  of  skills  required,  and  the  training  neces- 
sary to  meet  with  the  greatest  amount  of  success  in  each.  Teacher  and  students 
alike  can  use  these  charts  to  advantage  to  gather  occupational  information  about 
the  jobs  listed.  This  list  is  not  complete,  but  eonstitutes  a sampling  of  some 
of  the  occupations  in  which  many  workers  are  engaged. 
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0-00 
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0-39 

0-40 

through 

0-6!) 

0-70 

through 

0-99 

1-00 

through 

1-99 

2-00 

through 

2-19 

2-20 

through 

2-59 

2-60 

through 

2-79 

2-80 

through 

2-99 

3-00 

through 

3-19 

3-80 

through 

3-89 

3-90 

through 

3-99 
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Sources  of  Vocational  Information 

For  students  and  teachers  who  desire  to  investigate  further  the  details 
of  salary  possibilities,  future  trends,  advantages  and  disadvantages,  per- 
sonality factors  in  success,  and  steps  to  better  jobs,  the  following  sources 
of  information  are  valuable: 

1.  Chief,  Occupational  Information  and  Guidance 
Department  of  Public  Instruction 
Harrisburg,  Pennsylvania 

There  is  available  in  this  Division  much  printed  material  and  audio-visual  aids 
for  the  cost  of  postage. 

2.  Local  State  Employment  Office— A Division  of  the  State  Department  of  Labor 
and  Industry.  Located  in  all  population  centers. 

An  excellent  source  of  ctirrent  trends  in  the  labor  market,  and  of  counseling  and 
testing  service  available  free  of  charge  to  schools  and  out-of-school  youths. 

3.  California  Test  Bureau 
5916  Hollywood  Boulevard 
Hollywood,  California 

A fine  set  of  tests,  together  with  handbooks  for  teachers  in  guidance.  Tests  are 
helpful  in  aiding  students  to  determine  fields  of  interest  as  well  as  aptitudes. 

4.  IT.  S.  Department  of  Labor  and  U.  S.  Department  of  .-\griculture,  Washington, 
D.  C. 

Send  for  list  of  publications  in  career  and  occupational  information.  Much  mate- 
rial is  available  through  this  source  at  low  cost. 

5.  Science  Research  Associates 
228  South  Wabash  Avenue 
Chicago,  Illinois 

Pamphlets  and  booklets  on  specific  careers,  as  well  as  tests  and  measuring  devices 
for  determining  interests  and  aptitudes. 

6.  Institute  for  Research 
Chicago,  Illinois 

.\n  excellent  set  of  Career  Monographs  on  most  careers  in  the  usual  scientific 
fields.  All  are  written  Ity  experts  in  their  respective  fields.  Somewhat  expensive. 

7.  McGraw-Hill  Book  Company,  Inc. 

330  West  42nd  Street 

New  York,  New  York 

A wide  range  of  guidance  books  for  use  of  teachers  and  guidance  specialists  in 
vocational  counseling.  Send  for  list. 

8.  Vocational  Guidance  Films.  Inc. 

7514  North  .Ashland  Avenue 
Ghicago  26,  Illinois 

Excellent  listing  of  films  in  many  careers  in  fields  of  science. 

9.  Guidance  Chronicle  Press 
Moravia,  New  York 

Periodic  literature  on  labor  market  and  careers  information.  Low  cost  and  very 
authentic. 

Selection  of  a Vocation 

The  selection  of  a vocation  is  not  necessarily  a rapid  process,  but  may  con- 
tinue over  a period  from  preadolescence  until  after  high  school  with  no  ill  ef- 
fects. Little  alarm  should  be  felt  by  the  high  school  seniors  or  college  freshmen 
who  have  not  yet  determined  their  careers.  As  more  and  more  occupational  in- 
formation is  presented  to  them  they  will  sooner  or  later  find  something  that  is 
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most  interesting  to  them.  It  is  the  responsibility  of  teachers  to  present  this 
information  and  make  possible  other  ways  of  learning  about  jobs  by  varied 
types  of  experience. 

A general  analysis  of  a student’s  mental  and  manual  abilities,  per- 
sonality factors,  and  interests  should  be  made  available  to  him  if  at  all 
possible,  so  that  he  may  judge  more  clearly  his  relationship  to  require- 
ments that  have  to  be  met  in  vocations  which  he  is  investigating. 

This  information  does  not  preclude  the  importance  of  other  subjects 
in  career  selection,  or  in  the  development  of  a well-rounded  personality. 
Many  vocational  opportunities  are  open  to  specialists  in  language  arts, 
mathematics,  social  sciences,  and  the  other  subject  fields. 

The  development  of  an  experience  unit  in  teaching  occupational  in- 
formation in  science  is  highly  recommended.  Such  a plan  may  take  the 
following  form: 

WHAT  CAREER  SHALL  I CHOOSE? 

1.  Objectives 

a.  To  learn  the  names  of  vocations  in  science  fields 

b.  To  understand  the  general  requirements  to  be  met 

c.  To  find  out  the  fields  of  science  to  be  emphasized 

d.  To  discover  the  skills  and  their  development 

e.  To  analyze  own  interests  and  abilities  for  scientific  work 

2.  Activities 

a.  Talks  by  experts— careers  conferences 

b.  Library  research  by  academic  students 

c.  Trips  and  excursions  to  industry,  business,  farms,  etc. 

d.  Audio-visual  aids,  “Scientific  Occupations” 

e.  Students  develop  a job  analysis  of  careers  in  which  they  arc 

interested,  and  which  will  include: 

(1)  History  of  the  job 

(2)  Divisions  of  the  field  of  work 

(3)  Beginners’  jobs— steps  to  advanced  jobs 

(4)  Requirements  to  be  met 

(5)  Working  conditions 

(6)  Advantages  and  disadvantages 

(7)  Summary 

3.  Culminating  Actwities 

4.  Evaluation 


SECTION  6 

COOPERATING  WITH  TEACHERS  OF  OTHER  SUBJECTS 

Promoting  growth  toward  maturity  and  developing  the  learner  as  a whole 
person  are  vital  goals  in  science  education.  Teaching  of  science  only  through 
abstract  thinking  or  strict  adherence  to  separate  subject  matter  fields  is  a 
doubtful  approach  to  the  attainment  of  these  purposes.  Under  such  teaching, 
pupils  are  not  practiced  in  tying  together  the  segregated  facts  to  which  they 
are  exposed.  Many  fail  to  see  the  relationships  prevailing  between  scientific 
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principles  and  social  issues.  They  fail  to  understand  the  economic-industri 
life  and  to  develop  an  appreciation  of  the  close  relationship  between  scientif 
knowledge,  human  achievement,  personal  welfare,  industrial  progress,  an 
economic  trends. 

How  many  pupils  are  aware  o£  the  impact  which  mass  productioi 
resulting  from  the  interchangeable  parts  of  machines,  has  had  c 
economic  trends  and  social  problems?  Or  what  possible  effects  the  d 
velopment  of  atomic  enegry  will  have  on  the  economic  trends  of  sue 
industrial  enterprises  as  coal  and  petroleum?  Or  what  effect  a knowleds 
of  the  racial  heritage  has  on  the  formulation  of  sound  judgments  ar 
an  effective  understanding  of  present-day  problems? 

The  recognition  of  these  problems  and  the  development  of  relatio 
ships  between  other  subject  fields  and  science  education  will  contribu 
to  curriculum  improvement  and  the  growth  of  the  pupil.  Wheth( 
science  is  taught  for  general  education  or  for  specialization  in  fields  i 
biology,  chemistry,  and  physics,  it  should  not  be  considered  apart  fro 
other  aspects  of  school  experience.  The  study  of  science  in  its  varioi 
phases  is  closely  related  to  the  other  subjects  of  the  curriculum  and  ofte 
many  opportunities  for  cooperation  that  will  be  helpful  in  the  scieni 
classes  and  in  phases  of  other  subjects.- 

A school  faculty  should  work  together  as  a team.  This  ability 
evidence  of  faculty  leadership.  Unless  faculties  can  cooperate  in  tl 
treat?nent  of  some  life  problems,  the  individual  student  cannot  be  e 
pected  to  integrate  all  the  material  from  mayiy  segregated  subjects  \ 
actually  solving  problems  for  himself. 

HOW  CAN  WE  CARRY  OUT  A COOPERATIVE  PLAN? 

Curriculum  improvement  can  be  carried  out  within  the  framewoi 
of  departmentalization  and,  if  need  be,  on  the  basis  of  individual  pla 
ning  with  the  cooperation  of  other  subject  area  teachers.  Duplicatic 
and  confusion  will  then  be  at  a minimum.  Other  types  of  approac 
that  can  be  made  by  schools  are  classified  in  the  manual  on  Improvemei 
in  Secondary  Education  Through  Group  Studies,  Fifth  Yearbook  of  tl 

Pennsylvania  Branch,  National  Association  of  Secondary-School  Prim 
pals,  as  follows:  1 

1.  Subject-matter  curriculum  reorientation  through  subject  uni 
pointed  toward  adjustment  education  objectives 

2.  Broad  fields  approach  by  combining  fields  within  a school  subjec 
for  example,  biology  and  physical  science 

3.  Problem  approach 

a.  In  a single  subject 

b.  Involving  several  subjects 

4.  Core  curriculums 


1 

A 

% 

PLANNING  A LIFE  SCIENCE  CURRICULUM 


Irrespective  of  the  basis  of  action,  the  end  result  for  a school  faculty  may 
well  be  some  integrated  units,  or  groups  of  units,  that  will  contribute  to 
desirable  behaviors  in  home  and  community  life,  political  citizenship,  ethical 
and  moral  values,  relationship  as  a worker,  scientific  understandings,  communi- 
cation skills,  consumer  judgment,  and  recreational  activities.  Many  of  these 
problems  are  critical  in  American  life.  Secondary  education  is  being  taken  to 
task  for  failure  to  emphasize  their  solution.  This  involves  faculty  cooperation 
for  concurrent  study  of  these  problems  in  various  subject  areas. 

Poems,  biographies,  or  essays  are  not  to  be  used  exclusively  iu  English 
classes.  Teaching  the  appreciation  of  reading,  writing,  and  the  racial 
heritage  are  as  much  a duty  of  the  science  teachers  as  the  scientific  method 
of  thought,  developed  through  the  study  of  science,  is  applicable  to 
other  areas  of  study.  A program  of  selective  readings  similar  to  the 
pattern  in  English  should  be  a recommendation  in  all  science  classes. 
The  science  teacher  who  teaches  science  and  nothing  else  fails  in  the  full 
scope  of  his  teaching. 

Only  through  a careful  exploration  of  science  problems  in  social 
living  can  teachers  succeed  in  providing  a related  program.  This  will 
require  a cooperative  study  of  the  comniunity  and  the  countrv;  current 
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problems;  young  people,  their  needs  and  interests;  and  methods  adaptable 
to  the  varying  levels  of  maturity. 

Suggested  List  of  Opportunities  to  Carry  Out  a Survey  Within  a Faculty 

1.  With  work  in  mathematics  classes  in  meeting  many  of  the  problems  that  arise  in 
the  physical  sciences  and  in  some  phases  of  biological  sciences 

2.  With  social  studies  in  such  subjects  as: 

a.  Community  health,  safety,  living  standards,  recreation,  and  beautification 

b.  The  development  of  methods  of  transportation,  communication,  certain  utili- 
ties, various  industries 

c.  Use  and  conservation  of  natural  resources 

d.  Historical  and  scientific  phases  of  various  inventions 

e.  Relation  between  scientific  and  industrial  progress  and  economic  trends 

f.  Lives  of  noteworthy  scientists 

g.  The  international  character  of  science 

3.  With  English  classes  through: 

a.  The  study  of  scientific  terms  (origin,  meaning,  pronunciation,  and  spelling) 

b.  Reading  based  on  materials  of  scientific  interest  and  on  the  lives  of  noted 
scientists 

c.  The  use  of  scientific  topics  in  written  composition  and  written  reports 

d.  The  use  of  scientific  topics  in  oral  composition  and  oral  reports 

4.  With  foreign  language  classes  in  such  matters  as: 

a.  The  study  of  scientific  terms  of  foreign  derivation 

b.  The  study  of  scientific  discoveries  and  inventions  that  have  had  their  origin 
in  foreign  countries 

c.  Reading  based  on  the  lives  of  noted  foreign  scientists 

d.  Development  of  the  ability  to  read  scientific  material  in  foreign  languages, 
such  as  will  be  needed  for  advanced  study  in  certain  sciences 

5.  With  merchandising  classes  in: 

a.  The  study  of  the  sources  of  various  articles  of  merchandise 

b.  The  manufacture  of  synthetic  materials  used  in  certain  merchandise 

c.  Testing  for  authenticity  of  goods 

6.  With  art  classes  in  the  application  of  principles  of  color  and  light 

7.  With  music  classes  in: 

a.  The  application  of  the  principles  of  .sound 

b.  The  study  of  the  construction  of  various  musical  instruments 

c.  The  use  of  the  vocal  organs  in  vocal  music 

8.  With  classes  in  physical  and  health  education  in  the  study  of: 

a.  Personal  hygiene 

b.  Community  hygiene 

c.  Physiological  conditions  and  processes 
cl.  Individual  physical  needs 

e.  Principles  of  first  aid 

9.  With  industrial  arts  classes  in: 

a.  The  study  of  woods,  metals,  etc.,  used  in  the  construction  of  furniture  and 
other  household  articles 

b.  The  study  of  the  construction  and  operation  of  machines 

c.  The  sources  of  electric  power  and  uses  of  electricity 

d.  The  principles  and  processes  involved  in  printing 

10.  With  home  economics  classes  in: 

a.  All  phases  of  the  study  of  foods  (production,  preparation,  nutritive  values 
care,  and  use) 

b.  The  study  of  textiles,  clothing,  etc. 

c.  The  study  of  machines  used  in  the  home 
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SUMMARY 

1.  Tlie  all-around  development  of  the  learner  is  a goal  in  science 
education.  If  this  is  to  be  achieved,  the  teacher  must;  (1)  tie  to- 
gether segregated  facts  into  understandings,  attitudes,  and  be- 
haviors, and  (2)  start  directly  with  life  problems  and  develop 
factual  knowledge  in  a functional  matrix. 

2.  An  all-around  educational  experience  for  youth,  in  the  treatment 
of  his  personal  and  social  problems,  is  not  the  sole  job  of  any  one 
subject.  Many  problems  involve  the  cooperation  of  all  teachers 
simultaneously. 

3.  Faculty  team-work  is  evidence  of  good  leadership.  Faculty  con- 
ferences are  needed  for  this  development. 

4.  Faculty  cooperation  is  necessary  for  integration  by  the  student  of 
what  he  learns  from  separate  subject  areas. 

5.  Each  subject  area  has  much  concern  with  science  education.  Many 
possibilities  exist  likewise  for  science  education  to  make  contribu- 
tions to  other  areas. 

6.  The  critical  problem  of  home  and  family  living  is  an  example  of  a 
social  problem  which  merits  vigorous,  cooperative  faculty  action. 

SUGGESTED  READING 

1.  Improvement  of  Secondary  Education  Through  Group  Studies,  Fifth  Yearbook  of 
the  Pennsylvania  Branch,  National  Association  of  Secondary-School  Principals,  Up 
per  Darby,  Pa.,  1949. 

2.  Laton,  Anita  Duncan,  and  Powers,  S.  R.,  Nevj  Directions  in  Science  Teaching.  New 
York,  McGraw-Hill  Book  Company,  Inc.,  1949. 

3.  Overstreet,  H.  A.,  The  Mature  Mind.  New  York,  W.  W.  Norton  & Company,  Inc. 
1949. 

4.  Science  Teaching  in  American  Schools,  Forty-sixth  Yearbook  of  the  National  So 
ciety  for  the  Study  of  Education.  Chicago,  University  of  Chicago  Press,  1947. 

SUMMARY  OF  CHAPTER  II 

1.  .A  science  program  should  meet  the  needs  of  both  the  academic  and  nonacademic 
students.  These  needs  may  be  met  by  two  separate  courses  or  by  differential  sub 
grouping  in  a single  course.  The  gains  of  the  functional  science  program  wil 
increase  the  mastery  of  otherwise  theoretical  memorized  content. 

2.  All  students  should  have  individual  laboratory  experiences  in  the  entire  science 
program.  Probably  the  greatest  contribution  lies  in  the  methods  which  scientist 
use  in  solving  problems.  The  laboratory  is  the  key  experience  in  problem-solving 
The  students  should  have  experience  in  discovering  for  themselves,  using  labora 
tory  methods  and  skills. 

3.  Students  should  see  demonstrations  of  scientific  principles  performed  by  tin 
teacher  as  well  as  have  the  opportunity  to  do  experiments  themselves.  Seeing  ; 
skilled  person  perform  a demonstration  is  an  incentive  to  become  skilled. 

4.  Students  should  have  the  opportunity  to  take  field  trips.  The  actual  materials  it 
actual  situations  constitute  the  best  visual  aid  material  obtainable.  Most  com 
munities  are  rich  in  materials  suitable  for  field  trips.  Reading  should  not  b' 
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substituted  for  direct  experience  where  the  latter  is  available.  Museums,  plane- 
taria, farms,  swamps,  industrial  plants,  water  works,  sewage  disposal  plants,  wood- 
lands, etc.,  are  possible  resources  for  field  trips. 

5.  Students  should  work  on  problems  in  groups.  A small  group  of  students  working 
together  to  solve  a problem  of  mutual  concern  constitutes  an  excellent  exercise 
of  good  citizenship.  The  best  guarantee  that  students  will  work  together  in  the 
future  is  practice  in  working  together  today.  Group  leadership  should  be  rotated 
so  that  all  get  experience  in  leading. 

6.  Each  student  should  be  stimulated  to  do  an  individual  project  of  some  length  in 
each  course,  as  well  as  to  work  in  groups.  Individual  diflerences  and  individual 
living  require  students  to  work  by  themselves  as  well  as  in  groups. 

7.  Common  and  easily  obtained  teaching  materials  constitute  a major  portion  of  the 
ecjuipment  for  the  secondary  school  science  program.  The  schools  should  provide 
for  necessary  laboratory  equipment  to  illustrate  principles,  but  students  need  also 
to  learn  the  principles  involved  in  the  common  materials  in  their  surroundings. 
Electric  pumps,  living  animals,  aquariums,  dry  cells,  auto  jacks,  old  clocks,  plants 
are  examples. 

8.  A probable  order  of  teaching  procedures  is  as  follows:  (1)  pupil-group  doing, 

(2)  individual  pupil  doing,  (3)  demonstrations,  and  (4)  teacher  telling.  How- 
ever, for  some  kinds  of  learning,  any  one  of  the  above  may  have  maximum  value. 
The  pupil  learns  what  he  does. 

9.  The  science  program  should  be  organized  in  units  rather  than  in  day-to-day 
assignments.  The  unit  provides  for  problem  approaches  and  tliversihed  activities. 
The  day-to-day  assignment  implies  that  the  problem  has  no  unity  for  the  student 
and  that  he  must  be  told  what  to  do  each  day.  Units  relate  bits  of  information 
to  whole  understandings. 

10.  There  are  times  when  students  should  be  given  an  opportunity  to  pass  judgment 
on  their  own  work  and  that  of  the  group  in  which  they  are  working.  How  well 
did  they  work  together?  Did  the  leader  do  a good  job?  What  was  the  work 
worth? 

11.  The  evaluation  of  skills  and  attitudes  is  a challenge.  The  methods  of  evaluating 
skills  and  attitudes  have  not  been  developed  nearly  so  well  as  the  methods  of 
evaluating  information.  However,  attempts  shoidd  be  made.  Teachers  agree  that 
careful  subjective  evaluations  can  be  valid. 

12.  Students  should  be  given  the  opportunity  to  select  some  units  of  work  or  activi- 
ties in  a unit  in  the  science  program.  Guidance  should  be  provided,  although 
care  should  be  taken  not  to  dominate  the  student’s  choice.  Since  science  is  a 
tool  for  problem-solving,  its  application  to  the  felt  needs  of  the  students  should 
result  in  the  most  fruitful  use  of  science. 

13.  The  teacher  should  select  units  for  study  for  which  there  is  a definite  need.  Since 
student-selected  units  may  not  suffice  to  clevelop  particular  objectives,  the  teacher 
wilt  need  to  introduce  units  to  do  so. 

14.  Students  should  have  many  opportunities  to  challenge  statements  of  authorities, 
whether  the  authority  is  the  teacher,  a reference,  or  fellow  student.  Students 
should  have  many  opportunities  to  conduct  experiments  in  attempts  to  prove  a 
point  in  contradiction  to  an  authority. 

15.  The  teacher  should  exemplify  the  scientific  method  in  the  cla.ssroom  by: 

1.  Avoiding  dogmatic  statements. 

2.  Showing  how  to  learn  instead  of  telling. 

3.  Allowing  students  to  question  statements  of  the  teacher. 

4.  Avoiding  argumentation. 

5.  Stating  problems  clearly. 

16.  The  science  program  should  show  many  applications  of  the  effect  of  the  scientific 
method  on  daily  living.  New  machinery,  new  drugs,  sources  of  energy,  population 
changes  provide  many  possible  topics  for  discussion. 
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17.  Science  classes  should  provide  many  opportunities  for  hobbies  which  are  useful 
for  leisure  time.  Collecting,  bird  walks,  photography,  hunting  and  fishing,  tele- 
scope making,  identifying  rocks  or  minerals  are  examples  of  hobbies  to  encourage. 

18.  Actual  experience  in  conservation  projects  in  the  community,  either  as  a class  or 
as  individuals,  is  superior  to  class  discussion  of  conservation  procedures.  Such 
projects  constitute  desirable  laboratory  activities  and  contribute  greatly  to  citizen- 
ship education. 

19.  Secondary  students  should  have  definite  classroom  responsibilities,  such  as  pre- 
paring bulletin  boards,  cleaning  up  after  laboratory  periods,  improvising  equip- 
ment, assisting  in  the  laltoratory  periods,  and  caring  for  stockrooms,  and  operat- 
ing projectors. 

20.  Students  should  have  an  opportunity  to  hear  local  hobbyists  and  experts  discuss 
their  specialties  in  science  classes.  Teachers  cannot  be  expected  to  know  all  spe- 
cialized science  fields,  but  they  shoidd  draw  on  qualified  resource  people  in  the 
community  for  assistance. 

21.  The  use  of  many  textbooks  and  other  references  is  superior  to  the  use  of  a single 
text.  Assignments  by  problems  is  superior  to  the  assignment  by  pages  in  the  text. 
Supplementary  references  should  be  used  in  addition  to  textbooks. 

22.  Abundant  use  should  be  made  of  lantern  slides,  moving  pictures,  and  filmstrips  to 
illustrate  points  made  by  the  class  or  the  instructor.  Care  should  be  taken  not  to 
replace  actual  materials  with  pictures,  when  actual  materials  are  available. 

23.  Students  should  have  the  opportunity  to  meet  with  the  instructor  in  informal 
out-of-class  activities  to  exchange  ideas.  Science  fairs,  science  clubs,  and  field 
trips  provide  excellent  opportunities  for  informal  relations.  Such  situations  may 
well  take  place  during  the  regular  class  work. 


CHAPTER  III 


SCOPE  AND  SEQUENCE  OE  SCIENCE  TEACHING 

The  only  purpose  of  a course  of  study  is  to  increase  pupil  learning.  Present- 
day  courses  are  planned  to  promote  and  assist  the  types  of  planning  and  teach- 
ing which  grass-roots  contributions  have  shown  to  be  effective.  A course  of 
study  is  in  no  sense  a syllabus.  Nothing  can  be  substituted  for  excellent  teacher 
initiative  in  adapting  flexible  suggestions  to  the  requirements  of  the  learning 
situations  which  the  teacher  is  called  upon  to  plan  and  to  guide. 

USING  A COURSE  OF  STUDY 

It  may  be  a difficult  problem  at  first  for  some  teachers  to  use  a course 
of  study  in  creating  an  effective  curriculum  for  the  pupil.  Here  experi- 
ence produces  rapid  success.  Effectiveness  for  the  pupil  depends  upon 
the  extent  to  which  he  identifies  himself  with  the  goals  and  activities 
which  are  planned.  If  he  helps  democratically  in  the  planning,  his 
identification  is  more  complete.  Meaningfulness— goals  or  plans  which 
meet  pupil-needs  or  provide  goals  which  he  recognizes— is  necessary  for 
pupil  participation  and  genuine  learning  experiences.^  Motivation 
should  be  intrinsic  in  the  planning.  The  mind  takes  what  it  reaches  for. 

A most  significant  contribution  to  education  has  been  made  during  the 
present  generation.  A scientifically  derived  psychology  of  learning  has  re- 
sulted in  a distinct  shift  from  ways  of  presenting  content  to  be  assimilated 
to  ways  of  guiding  the  learning  activities  of  students.  The  business  of 
teaching  is  to  help  students,  through  practice,  to  acquire  the  behaviors — think- 
ing, feeling  and  acting — that  will  assure  the  best  possible  adjustments  to  their 
environments. 

The  habitual  day-by-day  recitation  is  a relic  of  outmoded  method. 
There  is  satisfaction  in  professional  growth  as  a teacher  gains  new  in- 
sights and  skills  in  guiding  the  learning  activities  of  youth.  Then  he 
can  transform  his  classroom  from  a lesson-hearing  room  to  an  active 
learning  laboratory.  The  quality  and  variety  of  the  learning  acti^ities 
which  he  plans  determine  the  quality  of  the  learning  which  takes  place. 
Here  a course  of  study  provides  assistance. 

SCOPE 

.Since  learning  is  the  changes  of  behavior  which  are  needed  for  adjust- 
ment to  the  student’s  environment  and  to  his  immediate  future  needs, 

XOTE  : Superior  figures  in  the  content  refer  to  nuniiiered  items  in  suggested  reading  list 

on  p.  66. 
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science  education  performs  a great  function.  To  be  vafid,  it  must  be  a; 
broad  as  life  itself.  It  must  inclucfe  both  general  adjustment  problem; 
and  those  of  a specific  and  unique  type,  such  as  pretechnical  preparation 
In  the  full  range  of  its  scope,  it  must: 


1.  Survey  the  personal-social  scientific  needs  of  individual  youth  and 
those  of  society. 

2.  Formulate  behavior  goals,  on  the  basis  of  functional  utility  (power 

in  satisfying  a want) , making  selection  on:  (a)  frequency  of  apj 

plication,  (b)  cruciality,  (c)  many-sidedness  (transfer)  value,  ant 
(d)  personal  appeal  to  students  at  their  maturity  levels.® 

3.  Plan  activity  programs  to  evoke  the  pupil  learning  experience; 
which  provide  practice  in  the  behaviors  of  thinking,  feeling,  ant 
acting  which  are  needed  for  both  life  adjustment  and  colleg( 
preparation. 


In  the  wholeness  of  these  concepts,  factual  data  and  information  hav 
meaning.  In  the  functional  context  in  which  they  come  to  life,  they  ar 
fiest  learned  and  longer  retained. 

SEQUENCE 

“Strike  when  the  iron  is  hot”  is  an  old  motto  that  has  but  recently  heel 
applied  to  education.  For  too  long,  sequence  was  determined  only  by  thi 
logic  of  the  subject  itself.  This  served  very  well  when  the  filling-station  idel 
of  education  prevailed.  Now  the  dynamics  of  individual  and  group  actiol 
emphasize  the  fact  that  logical  organization  by  itself  is  not  always  effectiv^ 

A logical  plan  may  have  symmetry,  simplicity,  and  clarity  to  tl 
teacher,  but  learning  experiences  are  psychological.  The  way  the  studer 
is  motivated  by  emphasizing  his  needs  and  future  plans  may  determii 
how  he  thinks  and  goes  about  things  in  an  experimental  way.  ThJ 
behavior  is  as  significant  as  the  knowledge  and  skill  which  he  masters, 
contributes  greatly  to  mastery  itself. 

Readiness  for  the  acquisition  by  youth  of  certain  types  of  knowled^ 
and  behavior  exists  at  different  levels  of  maturity.^  Unless  the  neede 
adjustments  are  made  at  that  time,  they  are  probably  never  made  at  all 
Areas  of  suspended  adolescence  exist  in  many  who  have  mature  bodie 
Scientific  understandings  and  attitudes,  if  taught  effectively,  can  beconl 
part  of  the  character  structure  of  youth  in  creating  desirable  adjustmeiT 
behaviors,  lifelong  interests,  and  preprofessional  backgrounds. 

In  addition,  the  principles  of  going  from  the  known  to  the  unknowj 
from  the  simple  to  the  complex,  from  the  here  to  the  far,  provide 
rection.  This  type  of  planning  adds  to  the  ability  of  the  learner 
integrate  and  to  use  what  he  learns.  Too  often,  however,  crucial  pro! 
lems  close  at  hand  may  be  neglected  by  a type  of  planning  that  is  n| 
sensitive  to  their  existence. 
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ORGANIZATION 

There  are  individuals  who  envision  a course  of  study  with  scope  and  sequence 
developed  opportunistically  by  teachers  and  pupils.  However,  preplanning  is 
undoubtedly  necessary  if  a course  of  study  is  to  be  comprehensive.  In  addition, 
there  are  those  who  believe  that  scope  and  sequence  should  be  planned  entirely 
on  the  basis  of  life  problems  if  the  science  program  is  to  be  maximally  func- 
tional. Each  of  these  convictions  has  possible  virtues.  It  is  best  to  avoid  an 
“either-or”  attitude. 

On  the  one  hand,  this  course  of  study  suggests  that  opportunistic 
timely  teaching  be  used.  Unusual  natural  phenomena,  immediate  pupil 
problems,  coming  events,  and  even  daily  occurrences  may  provide  centers 
of  interest  that  promote  the  best  kinds  of  learning.  In  addition,  the 
great  problems  of  life  adjustment  must  have  place  and  status  in  any 
effective  program  of  teaching.  The  direct  consideration  of  these  life- 
problems  in  guided-group  problem-solving  activity  is  a valid  scientific 
experience  for  pupils.  More  units  and  logs  of  successful  teaching  ex- 
periences of  these  types  are  greatly  needed  for  distribution  to  teachers 
who  may  not  have  gained  the  ability  to  plan  and  produce  learning  ex- 
periences of  this  type.  Complete  organization  on  this  basis,  however, 
will  require  much  more  successful  research  and  reports. 

On  the  other  hand,  subject-matter  planning,  organized  on  a sequence 
of  scientipc  principles  and  understandings  rather  than  as  isolated  factual 
data,  is  the  accepted  procedure.^  Selection  and  sequence  are  based  on 
the  needs  of  the  individual  and  society  rather  than  upon  the  sequential 
study  of  bits  of  abstract  information.  In  this  pattern,  factual  data  and 
information  are  placed  in  a functional  systematic  context  which  contrib- 
utes to  their  comprehensive  mastery,  to  their  proper  relationships  to 
each  other  and  to  life,  and  to  their  effect  on  the  learner. 

Lateral  enrichment  is  provided  by  listing  and  emphasizing  behavior 
objectives  and  many  learning  activities  to  provide  for  the  learner’s  con- 
tinuous reorganization  of  experience.^  These  objective  and  related  learn- 
ing activities  will  not  be  neglected  in  the  valid  use  or  adaptation  of  the 
material  which  is  presented  in  this  course  of  study. 

Frequently  teachers  who  can  do  so  are  challenged  to  develop  and  to 
use  in  the  sequence  direct  life-problein  units  which  are  focused  on  pjipil 
needs.  “What  Shall  We  Eat?”-“How  Can  We  Keep  Well?”-“How  Shall 
We  Buy  Good  Food  and  Clothes?’’— “How  Can  We  Pick  a Good  House?” 
The  solution  to  these  and  other  critical  human  problems  will  be  sought 
in  any  science  program  that  is  truly  functional. 

Variety  adds  interest  to  education.  Although  the  units  in  the  follow- 
ing  pages  have  a common  structure,  good  teaching  will  supply  the  variety 
in  pupil  planning  and  activities  that  will  maintain  spontaneous  enthu- 
siasm rather  than  stereotyped  practice. 
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SUMMARY 

1.  This  course  ol  study  is  flexible  and  permissive.  It  is  intended  to 
stimidate  teachers  to  shift  from  ways  of  presenting  content  by  recita- 
tion to  ways  of  planning  and  guiding  pupil  learning  activities. 

2.  The  daily  science  recitation  is  a relic.  Classrooms  should  be  trans- 
formed from  lesson-hearing  rooms  to  learning  laboratories. 

3.  The  scope  of  science  education  is  as  broad  as  life  itself.  However, 
selection  must  be  made  on  the  basis  of  functional  utility,  frequency 
of  application,  cruciality,  many-sidedness,  and  personal  appeal. 

4.  Sequence  lies  in  the  needs  and  maturity  of  the  learner  as  well  as  in 
the  logic  of  content  material.  Psychological  organization  is  more 
productive  than  bits  of  knowledge  which  do  not  possess  wholeness 
or  unity  or  functional  value. 

5.  Organization  around  a sequence  of  functional  knowledge,  princi- 
ples, and  understandings  is  the  most  acceptable  procedure. 

6.  Lateral  enrichment  to  provide  for  emphasis  of  life  objectives  and 
learning  activities  is  essential  for  valid  teaching. 

7.  Direct  group  problem-solving  activities  on  life  problems  that  are 
critical  for  people  will  be  part  of  any  science  program  that  is 
actually  functional. 
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LEARNING  ACTIVITIES  IN  GENERAL  SCIENCE 


SECTION  1 

SCIENCE  IN  THE  JUNIOR  HIGH  SCHOOL 

General  science  is  a fusion  of  physics,  chemistry,  biology,  geology,  and 
astronomy  around  basic  problems  of  living.  The  student  gains  an  over-all 
picture  of  science  as  it  affects  his  everyday  life.  It  provides  experiences  which 
youth  will  need  in  solving  the  many  problems  that  confront  them.  The  student 
must  be  well  acquainted  with  the  laws  of  nature.  He  must  work  in  a scientific 
manner.  These  behaviors  will  be  developed  if  he  has  a meaningful  life- 
experience  science  course. 

Satisfactory  life  adjustment  rec;[uires  a critical  and  scientific  foundation 
rather  than  mere  opinion,  superstition,  or  prejudice.  This  science  edu- 
cation can  be  approached  by  providing  a good  foundation  of  functional 
information  and  understandings  through  actual  inductive  investigation 
by  the  student.  The  development  of  functional  understandings  and 
behaviors,  rather  than  the  acquisition  of  memorized  knowledge,  is  the 
result  of  the  re-creation  of  experience  by  the  student.  People  learn  what 
they  do. 

Effective  teaching  develops  understanding  of  basic  science  principles 
which  underlie  phenomena  and  provides  actual  practice  in  applying 
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these  principles  to  everyday  life.  It  is  not  enough  to  know  that  disease 
is  caused  by  microorganisms.  Learning  experience  must  focus  this 
knowledge  on  disease  prevention  and  on  desirable  behaviors.  Science 
thus  becomes  functional. 

Planning  the  Junior  High  School  Science  Program 

For  several  years,  a standing  committee  of  the  National  Association 
of  Secondary  School  Principals  has  been  at  work  on  the  problem  of  curric- 
tdum  development  to  the  end  that  secondary  schools  can  more  effectively 
meet  the  Imperative  Needs  of  Youth.  In  an  interim  report  of  the  com- 
mittee which  appears  in  the  Bulletin  of  the  organization  for  March, 
1947,  Dr.  }.  Paul  Leonard,  President  of  San  Francisco  (Cal.)  State  Col- 
lege, presented  a useful  basis  for  curriculum  planning  in  science  instruc- 
tion; 

“Every  pupil  who  graduates  from  the  high  schools  of  today  must  realize 
the  importance  of  science  and  its  effect  upon  his  personal,  economic,  and 
social  life.  Through  science  he  will  be  brought  into  closer  contact  with 
the  things  of  everyday  life;  he  will  derive  an  insight  into  the  nature  ol 
scientific  processes  with  which  he  comes  into  contact  in  the  pursuit  ol 
his  career;  and  he  will  acquire  knowledge  and  understanding  of  those 
things  necessary  for  his  health  and  comfort.  As  a result  of  this  study- 
lie  should  be  better  able  to  adjust  himself  to  his  environment  and  con 
tribute  to  the  improvement  of  society  as  a whole.” 

Values  for  the  Teaching  of  General  Science 

Among  the  functional  values  of  general  science  are  the  following: 

(1)  encouragement  of  a healthy  curiosity  about  one’s  environment 

(2)  finding  a reasonable  explanation  for  happenings;  (3)  developmeni 
of  self-confidence;  (4)  development  of  a willingness  to  collect  facts  anc 
from  them  to  generalize  with  care,  to  suspend  judgment  when  insufficien 
facts  are  available,  to  act  upon  propositions  or  suggestions  when  the^ 
are  supported  by  a reasonable  amount  of  data,  and  to  change  one’s  mint 
when  new  findings  seem  to  warrant  it;  (5)  development  of  the  behavior 
which  apply  scientific  principles  to  daily  living;  (6)  elimination  of  super 
stition;  (7)  development  of  salable  skills;  (8)  formation  of  one’s  owt 
personal  viewpoint  on  life;  and  (9)  development  of  a point  of  view  tha 
is  broad  and  tolerant. 

The  Scope  of  General  Science  Instruction 

On  the  basis  of  the  principles  just  enumerated,  the  work  in  scienc 
falls  into  two  major  divisions.  The  first  division  has  to  do  with  develop 
mg  an  understanding  of  the  meaning  and  implications  of  science  through 
out  the  entire  curriculum  of  the  school.  The  second  has  to  do  WTth  tha 
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Specific  area  of  experience  commonly  called  science.  In  the  school,  no 
organization  of  science  into  specific  courses  is  made  before  the  tenth 
year.  Throughout  the  elementary  school  and  the  junior  high  school,  ma- 
terials and  methods  of  science  are  constantly  introduced  as  they  affect  the 
problems  studied  by  the  child.  Major  courses  are  designed  to  acqtiaint 
the  pupil  with  his  community  and  with  the  need  for  understanding  and 
acquiring  certain  types  of  behavior.  The  experience  of  the  scientist  and 
the  findings  of  the  laboratory  are  thus  translated  into  human  improve- 
ment. 

In  the  junior  high  school,  time  is  devoted  to  pupil-teacher  study  of  problems 
that  are  socially  and  scientifically  significant.  There  is  no  clear-cut  division 
between  the  social  and  scientific  aspects  of  the  problems.  Students  and  teacher 
generally  develop  a number  of  problems  or  units  that  seem  to  meet  the  needs 
and  interests  of  the  pupils  during  these  years.  The  assumption  is  made  that 
no  individual  meets  problems  in  everyday  situations  that  are  divided  into  social 
problems  and  science  problems. 

When  the  pupil  enters  the  ninth  grade,  he  begins  to  look  at  science 
as  a special  field  of  study,  but  he  continues  to  consider  it  as  related  to  the 
common  problems  of  living.  In  a course  in  general  science,  pupils  do  not 
spend  much  time  trying  to  discover  what  chemistry  is,  what  physics 
treats,  and  what  biology  deals  with.  They  get  at  the  heart  of  certain 
basic  problems  which  are  of  concern  to  them  and  for  which  science  has 
a contribution  or  some  explanation  or  assistance  to  give.  Basically,  they 
study  their  own  bodies,  the  nature  of  their  own  growth  and  development, 
the  factors  involved  in  the  maintenance  of  health,  both  public  and  per- 
sonal, the  nature  of  disease  and  of  medical  treatment,  the  nature  of  food 
and  its  relationship  to  the  building  of  the  body,  exercise,  sleep,  recrea- 
I tion,  the  requisites  of  good  mental  health,  and  the  physiological  changes 
; that  take  place  as  adolescence  and  maturity  reach  them.  They  also 
make  a careful  study  of  the  problem  of  resources,  beginning  to  under- 
stand that  the  wealth  of  the  nation  depends  upon  the  amount  and  the 
utilization  of  its  resources,  d’hey  study  their  own  community  and  their 
nation,  and  begin  to  understand  the  relationships  lietween  the  nations 
which  have  abundant  resources  and  those  which  do  not. 

Science  vs.  Quackery  and  Omens 

In  addition,  pupils  begin  to  apply  certain  scientific  knowledge  to 
modern  pseudo-science  or  scientific  vagaries,  such  as  phrenology,  graph- 
ology,  palmistry,  numerology,  occultisms,  horoscojies,  prophecies,  Ouija 
boards,  hoaxes,  perpetual  motion,  water  lore,  charlatanism,  quackery, 
fallacies,  frauds,  mediums,  and  clairvoyance. 

Pupils  are  interested  in  superstition.  They  consider  such  things  as 
ways  to  wish;  weather  prophets;  or  luck;  or  portents;  or  Dan  Cupid; 
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raising  an  umbrella  in  the  house  as  cause  of  bad  luck;  sneezing  (some 
people  believe  it  brings  bad  luck  to  sneeze  before  rising  in  the  morning) ; 
card  fortunes,  dreams,  belief  in  the  power  of  certain  numbers  (the  value 
of  the  number  three  or  seven  and  the  bad  omen  of  number  thirteen)  ; 
and  all  kinds  of  omens  of  bad  luck,  death;  and  other  such  popular  de- 
lusions. 

To  meet  student  needs  and  objectives  of  science  education,  the  follow- 
ing secpience  for  grades  seven,  eight,  and  nine  is  presented.  This  se- 
([uence  is  suggestive.  Teacher  initiative  and  the  unicjue  needs  of  pupils, 
classes,  and  schools  may  lead  to  other  more  functional  enpahases. 


GENERAL  SCIENCE 
GRADE  SEVEN 
Scope 

The  course  in  the  seventh  grade  is  designed  to  acquaint  the  student  with 
modern  scientific  discoveries  and  how  they  directly  influence  his  everyday  life. 
It  begins  with  a comparison  of  his  home,  travel,  communication,  and  products 
of  yesterday  and  today.  This  will  show  the  immediate  value  of  science  and  will 
stimulate  a curiosity  for  the  needs  of  the  future.  The  student  learns  how  to 
maintain  good  health,  to  value  and  care  for  both  plants  and  animals,  to  use 
methods  of  conservation,  to  understand  fundamental  facts  concerning  the  solar 
system,  and  to  use  biological  resources  for  better  living. 

The  suggested  unit  outlines  are  intended  to  stimulate  further  teacher 
and  pupil-teacher  pla7^ning.  Additional  time,  which  will  be  available, 
may  well  be  devoted  to  life  problems  which  are  concerned  with  the  full 
range  of  scientific  experience. 


Unit 

I 

Unit 

H 

Unit 

III 

Unit 

IV 

Unit 

V 

U NIT 

VI 

Unit 

VII 

I Fnit 

VIII 

Unit 

IX 

Unit 

X 

Sequence 

How  Does  Scientific  Discovery  Affect  Our  Lives? 

How  Can  I Keep  Healthy? 

The  Weather,  What  Can  We  Do  About  It? 

How  Can  We  Conserve  Our  National  Wealth? 

Time,  Measurement  and  Mass  Production. 

The  Solar  System  in  Which  We  Live. 

Science  in  Our  Homes. 

How  Can  We  Use  Our  Biological  Resources  for  Better  Living? 
Life  Problem  Unit:  How  Can  I Heat  and  Ventilate  My  Home? 
Life  Problem  Unit:  What  Should  We  Know  About  Heredity? 


Evaluation 

For  the  evaluative  procedures  which  should  be  used  at  the  termiyiation 
of  each  unit,  the  user  of  this  bulletin  is  referred  to  Section  I of  Chaptey 
II,  “Teaching  Science  by  Units,”  and  to  Chapter  IV,  “Evaluation.’ 
Cooperative  teacher-pupil  evaluation  and  direct  drill  techniques,  where 
needed,  should  be  characteristics  of  all  good  exmluation.  Sample  pupil 
check  lists  are  included  for  this  purpose. 
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Student  Self-Appraisal  Check  List  for  Unit  I— 

i 

How  Does  Scientific  Discovery  Affect  Our  Lives?  ! 

The  following  self-evaluative  check  list  may  be  mimeographed  and  given  to  the  studenlj 
in  order  that  he  may  have  a share  in  appraising  his  ow'n  learning.  The  student’s  self-| 
evaluation  may  wfell  be  followed  periodically  by  individual  teacher-pupil  conferences, [| 
Similar  check  lists  for  subsequent  units  can  easily  be  prepared  by  the  teacher.  i 


To  the  student: 

This  list  is  intended  to  help  you  judge  how  much  you  are  learning.  Check  each  item  ver); 
carefully,  yeSj  d— doubtful,  or  no.  Do  not  check  yes  unless  you  know  and  know  that  yoti 
know.  1 

1.  Useful  Knowledge 

Yes  D.  No  I 


2. 


3. 


a. 


I). 

c. 

d. 

e. 


Can  you  compare  the  homes  of  yesterday  and  today  with  respect 
to:  (I)  furniture,  (2)  architecture,  (3)  appliances,  (4)  light- 
ing, (5)  handcrafts?  

Can  you  trace  the  development  of  transportation?  

Can  you  discuss  the  development  of  communication:  (1)  mail, 

(2)  telephone,  (3)  telegraph,  (4)  radio?  

Can  you  explain  how  manufacturing  methods  and  products 

have  developed:  nylon,  plastics,  etc.?  

Do  you  understand  how  the  free  enterprise  system  has  pro- 
moted scientific  and  industrial  progress?  


Vocabulary 
Can  you  explain 

a.  environment 

b.  energy  

c.  fungus  

d.  humidity  . . . . 

e.  hard  water  . . 


and  use  the  following  words? 
Yes  D.  No 


Principles  and  Laws 

Can  you  name  four  scientific  principles  or  laws 
activities?  What  makes  men  do  these  things? 

Wearing  clothes,  building  houses,  I.  

making  furniture,  lighting  homes  2.  


H 

H 


f.  hypothesis 

g.  latitude 

h.  longitude 

i.  synthetic 

j.  video  . . . 


z 


which  explain  any  of  the  following  dail' 


3. 

4. 


4. 


Daily  Activities  and  Phenomena 

Can  you  name  four  daily  activities  or  phenomena  which  illustrate  any  of  the  following  sci 
entific  principles  or  laws: 

Electricity  passing  through  a wire. 


trie 

waves  in  the  air  2 4 

Yes 

D. 

No 

5.  Can 
the 

you  describe  w'ith  a diagram  what  keeps  an  airplane  flying  in 
air?  

1 

1 

6.  What  else  did  you  learn  in  this  unit? 

7.  What  help  did  you  give  in  what  the  class  did? 


HOW  CAN  I KEEP  HEALTHY? 

Overview  by  teacher  ami  planning  with  pupils 
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class  10.  Survey  the  pupils  in  the  class  for  iin- 

mediate  health  problems.  Have  group 
discussion  and  individual  conferences 
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Student  Self-Appraisal  Check  List  for  Unit  II— 
How  Can  I Keep  Healthy? 


I 


I.  Useful  Knowledge 

a.  Can  you  describe  a simple  cell?  

I).  Can  yon  explain  what  happens  during  digestion?  

c.  Do  you  know  what  foods  to  eat  for  a well-balanced  meal?  .... 

d.  Can  you  explain  the  nature  of  germs  and  bacteria?  

e.  Do  you  follow  good  rules  for  avoiding  disease?  

f.  Can  you  name  the  organs  of  the  body  on  a chart?  

g.  Is  there  good  sanitation  in  yotir  community?  

h.  Do  you  help  to  keep  your  school  clean?  

i.  Do  you  know  how  the  health  rate  in  your  commtinity  compares 

with  other  communities?  


Yes  D.  No 


2.  Vocabulary 

Can  you  explain  and  use  the  following  words? 

l’«  D.  No 

2l.  calorie  

b.  carbohydrate.. 

c.  diet  

d.  disinfectant 

e.  infection  ... 


Yes  D.  No 

f.  pasteurization  | | 

g.  protein  | | 

h.  protoplasm  . . | | 

i.  C|uarantine  | | 

j.  red  corpuscle  . | | 


3.  Principles  and  Laws 

Can  you  name  four  scientific  principles  or  laws  which  explain  any  of  the  following  dail' 
activities? 

immunizations,  sanitation,  I. 

disinfection,  state  clinics,  2. 

use  of  soap  and  cleansers,  3. 

eating  proper  foods  4. 


4.  Daily  Activities  and  Phenomena 

Can  you  list  four  other  daily  activities  or  things  which  illustrate  any  of  the  following? 

killing  germs,  hygiene,  I. 

inoculation,  nutrition,  2. . 

pollution,  pasteurization,  3. 

contamination,  antiseptic  4. 

5.  Can  You  Prove  by  Demonstration  or  Experiment 

Yes  D.  No 

a.  That  germs  exist?  | | 

b.  That  germs  can  be  killed?  | | 

c.  That  house  flies  carry  disease?  | | 

d.  That  a well-balanced  diet  is  necessary  for  health?  | | 

e.  That  health  is  a common  problem  for  all  people?  | | 


6.  What  else  did  you  learn  in  this  unit? 

What  help  did  you  give  to  what  the  class  did? 


SCOPE  AND  SEQUENCE  OF  SCIENCE  TEACHING 
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Student  Self  Appraisal  Check  List  for  Unit  IV 
—How  Can  We  Conserve  Our  Natural  \\^ealtli/’ 


1.  Useful  Knowledge 

Yes  D.  No 

a.  Do  you  know  how  much  of  Pennsylvania  is  forest?  

b.  Do  you  know  where  in  Pennsylvania  there  are  virgin  forests?  . 

c.  Can  you  locate  the  Pennsylvania  State  Forests  on  a map?  

d.  Can  you  identify  ten  kinds  of  Pennsylvania  trees?  

e.  Can  you  describe  how  soil  erosion  can  be  prevented?  

f.  Do  you  know  the  job  opportunities,  educational  recpurements, 

and  pay  for  work  in  conservation?  

g.  Can  you  identify  ten  kinds  of  birds  in  Pennsylvania?  

Ten  kinds  of  furry  animals?  

h.  Are  you  familiar  with  Pennsylvania’s  fish  and  game  laws?  .... 

i.  Do  you  know  how  to  plant  a tree?  

j.  Can  you  discuss  flood  control  and  stream  clearance  in  Penn- 
sylvania? In  your  community?  


Vocabulary 


Can  you  explain  and  use  the  following  words  or  terms? 


a. 

b. 

c. 

d. 

e. 


biology  

conservation  . 

humus  

loam  

parasite  . . . . 


Yes  D.  No 


Yes  D.  No 

f.  plateau  . 

g.  pollen  

h.  species  .... 

i.  spore  

j.  trans|)iration 


!.  Principles  and  Laws 

Can  you  name  four  scientific  principles  or  laws  which  explain  any  of  the  following  daily 
activities?  Why  are  these  things  done? 


soil  erosion  and  control,  1 . 

' forest  and  flood  control,  2. 

j reforestation,  work  on  stream  3. 

I clearance,  fire  prevention  4. 


Daily  Activities  and  Phenomena 

Can  you  name  four  daily  activities  or  facts  which  illustrate  any  of  the  following? 

The  resources  of  nature  are  limited.  1.  

Man  must  control  insects  in  order  to  live.  2.  

Scientific  agriculture  has  made  possible  3. 

population  increases.  4.  

Man  has  made  substitutions  for  resources 
that  are  being  exhausted. 

People  go  hungry  in  countries  that  do  not 
practice  conservation. 


TIME,  MEASUREMENT,  AND  MASS  PRODUCTION 

Overview  by  teacher  and  planning  with  pupils 
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THE  SOLAR  SYSTEM  IN  WHICH  WE  LIVE 

Overview  by  teacher  and  plannin'r  with  pupih 
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Oliicr  coiUcnt  or  proljlcnis  suggcstcil 


SCIENCE  IN  OUR  HOMES 

Overview  by  teacher  and  planning  ivith  pupils 
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HOW  CAN  WE  USE  BIOLOGICAL  RESOURCES  FOR  BETTER  LIVING? 

Overvieiv  by  teacher  and  planning  with  pupils 

Content  Objectives  Learning  Experiences  and  Reports 
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Unit  IX— A Life  Problem  Unit 

HOW  CAN  I HEAT  AND  VENTILATE  MY  HOME? 

1.  OVERVIEW  BY  TEACHER  AND  PLANNING  WEI  H PUPILS 

Objectives: 

1.  To  develop  an  ajjpredation  of  the  importance  of  air  in  healthful  living 

2.  To  gain  an  understanding  of  the  different  ways  in  which  fire  is  used  for  heat- 
ing purposes 

3.  Eo  know  that  the  sun  is  tlie  source  of  heat  and  that  heat  travels  in  waves  with 
the  help  of  matter  and  by  convection  and  conduction  by  means  of  matter 

II.  CONTENT 

A.  Hozu  Heat  is  Produced: 

1.  Most  important  source 

2.  Cliemical  cirange 

3.  Friction 

4.  Electrical  current 

B.  Volume  of  Matter  May  he  Changed: 

1.  Contraction  and  expansion 

2.  Thermostat 

3.  AVeight  of  water 

C.  Measuring  Temperature: 

1.  Temperature 

2.  Thermometer 

3.  Units  used 

D.  Stove  or  Heater: 

1.  Provides  own  draft 

2.  Air  supply 


E.  Heat  Transfer: 

1.  Radiation  of  heat 

2.  Conduction  of  heat 

3.  Convection  of  heat 

4.  Hot  air  furnace 

5.  Hot  water  heating 
f).  Steam  heating 

7.  Advantages  and  disadvantages 
of  each 

8.  Ends 

F.  Fuel  Waste: 

1.  Ways  wasted 

2.  Smoke 

3.  Nonconducting  materials 

4.  Radiators  and  reflectors 

5.  Boiling  water 

6.  Thermos  bottle 

G.  Heated  Home: 

1.  Ventilating  system 


HI.  ACTIVITIES 

A.  Previeiu  QuestioJis 

1.  How  did  the  ancient  people  heat  their  homes? 

2.  What  fuels  did  they  use? 

3.  When  and  and  by  whom  was  the  stove  invented? 

4.  What  are  the  different  sources  of  heat? 

5.  What  are  the  effects  of  heat  on  matter? 

6.  How  do  stoves  and  furnaces  help  to  provide  a continuous  supply  of  fresh 
air? 

7.  What  is  the  purpose  of  a Bunsen  burner? 

8.  How  is  heat  transferred  from  one  place  to  another? 

9.  How  is  temperature  measured? 

10.  Why  is  it  necessary  to  ventilate  homes? 

11.  How  may  fuels  be  burned  more  efficiently? 

12.  What  are  the  different  units  of  heat? 

13.  ^Vhat  are  the  possible  developments  in  the  heating  of  homes? 


SCOPE  AND  SEQUENCE  OF  SCIENCE  TEACHING 
B.  Problem  Situation 
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1.  Heat  is  measured  by  light,  chemical  change,  friction,  and  electrical  currents: 

a.  How  may  the  different  forms  of  energy  be  converted  into  heat  energy? 

b.  AV’hat  energy  changes  go  on  in  your  home? 

c.  "What  energy  changes  go  on  in  the  school? 

2.  The  volume  of  matter  may  be  cbanged  by  beating  and  by  cooling: 

a.  In  general  how  do  heating  and  cooling  of  gases,  liquids,  and  solids 
affect  volume? 

b.  Explain  tbe  construction  and  operation  of  the  thermostat. 

c.  At  what  temperature  does  water  expand,  wliether  cooled  or  heated? 

d.  How  is  the  expansion  of  water  allowed  for  in  an  automobile  radiator? 

e.  How  are  contraction  and  expansion  allowed  for  in  cement  roads  and 
sidewalks,  in  the  laying  of  steel  rails,  and  in  bridges? 

f.  Why  are  telephone  wires  “tighter”  in  winter  than  in  summer? 

3.  Temperature  is  measured  in  degrees. 

a.  Why  is  the  sense  of  feeling  not  reliable  enough  for  taking  temperatures? 

b.  How  are  thermometers  made? 

c.  How  are  the  fixed  points  on  the  Centigrade  and  Fahrenheit  scales 
obtained? 

d.  Wbat  is  a B.T.U.? 

e.  \VTat  is  a small  calorie? 

f.  ^Vhat  is  a large  calorie? 

g.  What  is  the  meaning  of  temperature? 

4.  In  a stove  or  heater,  air  is  supplied  to  the  burning  fuel  and  tbe  products 

of  combustion  are  removed: 

a.  WTat  is  a draft? 

b.  What  are  dampers? 

c.  How  does  a Bunsen  burner  mix  air  and  gas? 

d.  Under  what  conditions  is  smoke  produced? 

e.  How  are  the  drafts  set  when  a fire  is  started? 

f.  How  are  the  drafts  set  when  you  want  to  check  a fire? 

5.  Heat  is  transferred  from  place  to  place  by  radiation,  convection,  and 
conduction: 

a.  \V'hat  are  the  three  methods  in  which  heat  may  be  distributed? 

b.  Give  an  example  of  each  method. 

c.  Name  three  good  conductors. 

d.  Name  three  poor  conductors. 

e.  Compare  the  hot  air,  hot  water,  and  steam  heating  systems. 

f.  How  does  each  distribute  heat? 

g.  What  are  the  advantages  and  disath  antages  of  each  system? 

h.  How  is  oil  burned? 

6.  Fuel  is  wasted  through  poor  construction  and  fatiltv  regtdation  of  stoxes 
and  heaters: 

a.  W’hy  is  it  dangerous  to  close  the  dampers  too  tightly  at  night? 

b.  W'by  do  motorists  sometimes  lose  their  lives  bv  remaining  in  a closed 
garage  with  the  engine  running? 

c.  W’hy  are  leaky  and  mismanaged  ranges  and  furnaces  dangerous? 


84 


DEPARTMENT  OF  PUBLIC  INSTRUCTION 


d.  In  what  ways  may  fuel  lie  wasted  with  a stove  or  heater? 

e.  What  is  smoke? 

f.  Under  what  conditions  is  smoke  formed? 

g.  How  may  the  walls  of  a house  be  constructed  to  prevent  loss  of  lieat? 

h.  What  tvpe  of  material  makes  a good  radiator? 

i.  'Wliy  should  the  gas  be  turned  low  under  a kettle  after  potatoes  liave 
started  to  Itoil? 

j.  How  is  loss  of  heat  by  conduction,  convection,  ;md  radiation  prevented 
in  a thermos  bottle? 

7.  A lieated  home  needs  circulating  air  and  moisture, 
a.  What  is  the  meaning  of  ventilation? 

Ij.  How  is  air  made  to  circulate? 

c.  How  is  water  added  to  the  air? 

d.  AVhen  is  air  impure  for  breathing  purposes? 

C.  Experunents 


1. 

How  heat  is  produced 

9. 

Radiation 

2. 

Contraction  and  expansion 

10. 

Convection 

3, 

Degree  of  heat 

1 1. 

Steam  heating 

4. 

Thermometers 

12. 

Smoke 

5. 

Unit  of  heat 

13. 

Nonconducting  materials 

6. 

Chimneys 

14. 

Reflectors 

7. 

Drafts  and  dampers 

1,5. 

Ventilation 

8. 

Bunsen  burners 

16. 

Impure  air 

Revieiu 

1. 

Be  able  to  pronounce,  spell, 

and  use  correctly 

the  following  words: 

temperature 

thermostat 

energy 

friction 

calorie 

thermal 

Fahrenheit 

Renaidt 

Centigrade 

Bunsen 

convection 

radiation 

conduction 

reflection 

thermos 

insulating 

ventilate 

combustion 

air  conditioning 

expansion 

contraction 

E.  Additional  Suggestions  for  Individual  Work 

1.  Compare  the  methods  used  to  produce  heat  now  with  the  methods  tised  in 
ancient  times. 

2.  What  is  the  effect  of  a change  in  temperature  on  the  volume  of  liquids, 
solids,  and  gases? 

3.  At  what  temperature  does  water  have  its  greatest  weight  per  cubic  foot? 

4.  How  is  the  schoolroom  ventilated? 

.5.  How  are  air  and  gasoline  mixed  in  a gasoline  engine? 

6.  Why  has  man  been  able  to  live  anywhere  on  the  earth  during  all  seasons? 

7.  What  is  cold? 

8.  How  is  the  air  made  “twenty  degrees  cooler”  inside  theaters? 

9.  Name  as  many  different  types  of  heating  apparatus  as  possible. 

10.  Can  you  work  hard  in  a hot  stuffy  room? 

11.  Name  some  ways  of  producing  heat  without  using  fire. 

12.  Does  extreme  cold  affect  your  penmanship? 

13.  What  are  the  different  methods  of  insulation? 

14.  Give  several  methods  of  warming  your  hands  while  coasting  or  ice  skating. 


SCOPE  AND  SEQUENCE  OF  SCIENCE  TEACHING 


85 


F.  References 

Davis,  I.  C.,  and  Sharpe,  R.,  Science.  New  York,  Henry  Holt  & Coni]xiny,  Inc., 
1943 

Fowler,  G.  W.,  Collister,  M.  C.,  and  Thurston,  E.  L.,  Our  Surroundings.  New 
York,  Iroquois  Publishing  Company,  Inc.,  1945 

Carpenter,  H.  A.  and  Wood,  Our  Environynent.  New  York,  Allyn  and  Bacon 
Company,  1943 

Caldwell,  O.  W.,  and  Curtis,  F.  D.,  Science  for  Today.  Boston,  Massachusetts, 
Ginn  and  Company,  1942 

Kimball,  D.  S.,  Book  of  Popular  Science.  New  York,  Grolier  Society,  Inc.,  1943 
Compton,  F.  E.,  Pictorial  Encyclopedia.  Chicago,  Illinois,  E.  E.  Compton  and 
Company,  1950 

Reisbeck,  E.  W.,  Air  Conditioning.  Chicago,  Illinois,  Goodhart-Wilcox  Co.,  1939 
Peet,  C.,  This  Is  the  Way  We  Build  a Home.  New  York,  Henry  Holt  & Com- 
pany, Inc.,  1942 

Black,  N.  H.  and  Davis,  H.  N.,  Elementary  Practical  Physics.  New  York,  The 
Macmillan  Company,  1949 

Dull,  C.  E.,  Modern  Physics.  New  York,  Henry  Holt  & Company,  Inc.,  1949 

G.  J'isual  Aids 

Motion  pictures 

1.  Films  available  on: 

Anthracite  Coal— silent 
Hot  Air  Heating— silent 

2.  Films  available  from  other  sources: 

Chemistry  of  Combustion— sound 
Projected  Visual  Aids,  Inc. 

6050  Broadway,  Chicago,  111. 

IV.  PROBABLE  OUTCOMES 

A.  Attitudes 

1.  An  appreciation  of  the  great  economic  importance  of  heat  to  man 

2.  .^n  understanding  of  the  ways  in  which  man  has  improved  methods  of  using 
and  controlling  fire 

B.  Skills 

1.  To  become  acquainted  with  the  common  fuels  used  either  in  the  home  or  in 
industry 

2.  To  gain  an  understanding  of  expansion  and  contraction  and  how  they  alfect 
the  behavior  of  solids,  liquids,  and  gases 

3.  To  know  the  three  requirements  of  burning,  i.  e.,  oxygen  supply,  combustible 
materials,  and  kindling  temperatures 

C.  Generalizations 

1.  Heat  may  be  produced  mechanically,  chemically,  electrically 

2.  Heat  is  a form  of  energy 

3.  Conservation  of  fuel  depends  upon  the  knowledge  of  methods  of  heating  and 
insulation 


A PICTURE  IS  WORTH  MANY  WORDS 


Unit  X ' 

WHAT  SHOULD  WE  KNOW  ABOUT  HEREDITY? 

I.  OVERVIEW  BY  TEACHER  AND  PLANNING  WI  TH  PUPILS  j 

I 

II.  CENTRAL  OBJECTIVES 

A.  To  understand  the  problems  of  reproduction  and  heredity 

11.  To  learn  about  the  complexes  of  livinir  genes  as  the  source  and  foundation  of  j 
hunnm  thought  and  action  . 

C.  To  realize  the  significance  and  problems  of  adolescence  ! 

III.  CONTRIBUTING  OBJECTIVES  | 

A.  Personal  adjustment: 

1.  Personal  research  and  inductive  reasoning 

Of  all  the  various  topics  covered  in  a year’s  time,  this  is  the  subject  most  i.i 
likely  to  give  the  greatest  motivation 

2.  Emotional  stability 

To  contribute  to  the  adjustments  and  developmental  tasks  of  adolescence 

3.  Physical  defects  i 

To  understand  how  physical  defects  occur  whether  they  are  received  from 
one’s  ancestors  or  w'hether  they  are  the  product  of  the  environment.  After  i 
the  tracing  of  the  source,  what  can  be  done  about  them? 
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4.  >rental  cleanliness 

To  stress  that  an  unclean  mind  is  a sign  of  an  nnhcalihy  mind 

li.  Adjustment  to  Bodily  Growth: 

1.  Oral  expression 

To  realize  that  it  is  right  to  talk  of  hirth  and  one’s  hirthi ight.  These  sub- 
jects should  he  expressed  with  honesty.  Any  suggestion  of  'hush  " or 
“silent”  talk  suggests  that  nothing  but  wrong  is  associated  with  this  suhiect. 

2.  Overcome  defensive  attitudes 

To  discover  that  a defensive  attitude  is  one  formed  from  one’s  environment 
and  therefore  may  be  changed. 

3.  Growing  up 

Pupils  have  reached  the  age  when  childhood  appears,  or  should  apjjear,  as 
passing.  This  is  the  time  to  grow  and  assume  a place  in  the  world.  From 
the  sidjject  there  should  he  brought  to  attention: 

(a)  What  factors  for  survival  pupils  were  or  were  not  l)orn  with 

(b)  What  factors  for  survival  pupils  have  learned  or  have  failed  to  learn 
from  their  environment. 

If  both  factors  of  hereditv  and  environment  have  not  been  too  kind  to  them, 
what  are  they  going  to  do  to  fortify  themselves  for  life  and  the  struggle  for 
existence? 

C.  Social  Adjustment  and  Citizenship: 

1.  Self-discipline 

To  realize  that  self-discipline,  like  so  many  other  learnings  alreadv  men- 
tioned, is  self-learned  or  self-taught,  and  that  one’s  inheritance  helps  little. 

2.  Ability  to  make  friends  easily 

To  find  out  this  also  is  a factor  to  be  learned  and  at  no  other  time  in  their 
lives  can  they  better  cultivate  new  habits  or  form  new  and  better  friendships. 

3.  Adjustment  to  changing  conditions 

To  understand  that  in  the  organic  and  inorganic  world  nothing  is  more 
constant  than  change.  Yet,  nothing  is  more  basic  to  life  itself  and  the 
sooner  one  accepts  change  the  sooner  one  can  move  toward  a happier  life. 

IV.  LEARNING  ACTIVITIES 

A.  For  the  objectives,  the  follou’ing  meaningful  learning  experiences  should  he 
planned  and  carried  out 

1.  Student  round-table  discussions,  forums  and  debates 

In  no  other  topic  is  it  easier  to  stimulate  discu.ssions.  The  teacher  should 
not  pass  over  these  opportunities  lightly;  they  appear  to  arise  from  a sincere 
seeking  of  knowledge  due  to  the  particular  age  of  the  group. 

2.  Guest  speakers 

Well-qualified  speakers.  .An  outsider— a communitv  doctor,  or  a nurse— 
seems  to  carry  more  weight  with  the  students  than  the  instructor. 

3.  Student  surveys  and  class  projects 

Graphs,  charts,  tabulations,  etc.,  can  be  done  in  and  out  of  class  concerning 
eye  color,  hair  color,  height,  dominant  and  recessive  characteristics.  Outside 
projects  on  individual  leaf  color,  number,  side,  shape,  pattern,  etc.  ( These 
possibilities  are  endless.) 
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4.  Visual  materials 

a.  Charts:  family  trees,  pedigrees  of  dogs,  cats,  horses,  pigs,  liumans,  etc. 

b.  Slides:  cells  of  chromosomes  and  genes.  This  is  all  microscopic  work  if 
the  microscopes  are  available. 

c.  Mounted  pictures:  the  birth  of  a child,  periods  of  gestation,  twins,  mul- 
tiple births,  freaks,  mutations  and  mutants,  hybrids,  evolutionary  trees, 
inheritable  characteristics  both  good  and  bad  in  respect  to  marriage. 

d.  Recordings:  mating  calls  of  various  animals. 

c.  Sound  film:  “Human  Growth,”  from  Pennsylvania  Medical  Society, 

Harrisburg. 


li.  The  following  are  the  possible  field  trips  that  could  he  incorporated  into  this 
unit.  They  are  copied  from  the  list  suggested  by  a class  committee. 


1.  Planetarium 

2.  Conservatory 

3.  Museum 

4.  Zoo 

5.  City  hospital 

ti.  Cook  Forest  State  Park 
7.  State  institutions  (mental) 


8.  County  courts,  juvenile  courts, 
court  house,  detention  homes, 
etc. 

9.  School  for  the  blind 

10.  School  for  the  deaf 

11.  Livestock  show  or  fair 

12.  Farms 


V.  CULMINATING  ACTTVIFIKS 
Pupil  displays,  reports,  exhibits,  etc. 


VI.  EVALUATION 

.4.  Have  the  central  and  contributing  objectives  been  achieved?  This  may  be  deter- 
mined by 

1.  A functional  unit  test  on  information 

2.  A test  of  generalizations.  See  Chapter  IV,  “Evaluation” 

3.  Student  questionnaire  on  attitudes 

4.  Group  discussion 

B.  Have  pupil  committees  worked  well  together?  Group  discusssion. 
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FIRSTHAND  EXPERIENCE 

GRADE  EIGHT 

Scope 

The  course  in  the  eighth  grade  develops  a more  detailed  approach  to  the 
principles  of  science  that  deal  with  plants,  air,  water,  heat,  sound,  elements,  and 
compounds.  Many  of  the  experiments  suggested  may  be  demonstrations  rather 
than  individual  experiments.  The  former  are  more  desirable. 

Students  can  do  many  experiments  at  home  and  at  school  that  do  not 
involve  much  expense  or  demand  expensive  ec[uipment.  People  learn 
what  they  do.  The  content  and  experiences  should  be  fitted  to  the 
needs  of  the  individual  school  and  of  the  individual  pupils. 


Unit 

I: 

Sequence 

How  Do  We  Raise  and  Use  Plants? 

Unit 

II: 

How  Do  We  Use  the  Air? 

Unit 

III: 

How  Is  Our  IV'ater  Supply  Kept  Safe? 

U NIT 

IV: 

Some  Effects  of  Heat 

Unit 

V: 

What  Should  We  Know  .\hout  Sound? 

Unit 

VI: 

Earth’s  Changing  Surface 

Unit 

VII: 

How  Does  My  Body  Work? 

89 
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Unit  VIII;  Elements  and  Compounds 

Unit  IX:  Life  Problem  Unit:  How  Can  We  Force  Water  to  Serve  Our  Needs? 

UiMT  X:  A Journey:  Our  Class  Visits  the  Filtration  Plant 

Evaluation 

For  the  evaluative  procedures  lohich  should  be  used  at  the  termination 
of  each  unit,  the  user  of  this  bulletin  is  referred  to  Section  1 of  Chapter 
II,  “'Teaching  Science  by  Units,”  and  to  Chapter  IV,  “Evaluation.” 
Cooperative  teacher-pupil  evaluation  and  direct  drill  techniques,  where 
needed,  should  be  characteristics  of  all  good  evaluation. . Pupil  check 
lists  for  self-evaluation  can  be  readily  constructed.  A sarnple  is  included 
for  Unit  V,  “What  Should  We  Kncm  About  Sound?” 
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Student  Self-Appraisal  Check  List  for  Unit  V— What  Should 
We  Know  About  Sound? 


1. 


Useful  Knowledge 

a.  Do  you  know  how  sound  is  produced  and  how  it  travels?  ... 

b.  Do  you  understand  how  sound  affects  the  ears?  

c.  Can  you  explain  how  two  sounds  can  produce  silence?  

d.  Can  you  explain  how  an  automobile  muffler  works?  

e.  Do  you  know  what  creates  good  acoustics  in  a theatre?  

1.  Can  you  explain  the  difference  between  noise  and  music?  

g.  Do  you  know  how  many  intervals  there  are  on  an  even- 

tempered  scale?  

h.  Do  you  know  what  maximum  noise  level  is  considered  desir- 
able in  an  office?  

i.  Can  you  draw  a diagram  of  a telephone  transmitter  and 

receiver?  

j.  Can  you  describe  the  difference  between  pitch  and  loudness?  . . 


2.  Vocabulary 

Can  you  explain  and  use  the  following  words? 

a.  beat  

b.  chord  

c.  chromatic  scale 

d.  decibel  

e.  diatonic  scale. 


f.  discord  . 

g.  echo  . . 

h.  frequency 

i.  note  . . . 

j.  octave 


3.  Principles  and  Laws 

Can  you  name  six  principles  or  laws  which  explain  any  of  the  following? 

Singing,  listening  to  music,  speak-  1.  ; 4.  

ing,  bell  ringing,  whistling,  radio,  2.  5.  

phonograph,  telephone,  sonar.  3.  6.  

4.  Daily  Activities  and  Phenomena 

Can  you  list  six  other  daily  activities  or  phenomena  which  illustrate  any  of  the  followii 

How  sound  is  transmitted,  volume  of  1.  4. 

sound,  absorption  of  sound,  pitch,  2.  5.  

sympathetic  vibrations,  acoustics.  3.  6.  — 

5.  Can  you  demonstrate 

Yes  D.  No 

a.  How  to  measure  the  speed  of  sound?  j I 

b.  Methods  of  noise  control?  | ' I 

c.  How  to  measure  distance  by  sound?  | I 

d.  The  measurement  of  wave  lengths?  | ' | 

e.  Overtones?  I I 


6.  What  else  did  you  learn  in  this  unit? 

What  help  did  you  give  to  the  work  of  your  class? 


EARTH’S  CHANGING  SURFACE 
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a.  Materials  used  for  clothing 

b.  Seasonal  diets 

Other  content  and  problems  suggested 
by  the  pupils 


ELEMENTS  AND  COMPOUNDS 

Overview  by  teacher  and  pinnniri'r  xnilh  pupils 
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CLASS  COMMITTEE  WORKS  ON  PUMPS 


Unit  IX— A Life  Problem  Unit 

now  CAN  WE  FORCE  WATER  TO  SERVE  OUR  NEEDS? 

Overview  by  teacher  and  plan7iing  with  pupils 

].  Aifiis 

a.  To  provide  the  pupil  witli  an  understanding  of  the  importance  of  water  to 
his  own  life  and  man’s  activities 

b.  To  appreciate  the  importance  of  an  ample  supply  of  water  not  only  for  drink- 
ing jrurposes  but  for  industry 

c.  To  understand  that  water  can  be  used  to  develop  an  enormous  amotint  of 
energy 

d.  To  understand  that  the  sea  is  an  untapped  source  of  wealth 

2.  Preview 

a.  From  what  source  is  our  local  water  supply  obtained? 

b.  How  can  I purify  water? 

c.  Why  does  a steam  iron  need  distilled  water? 

d.  How  does  a pump  lift  water? 

e.  Why  does  hot  water  rise  to  the  top  of  the  boiler? 

f.  What  becomes  of  the  rain  which  falls  on  the  earth? 
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g.  Why  does  a battleship  float? 

h.  Why  does  a pond  freeze  from  the  top? 

i.  How  does  a pressure  cooker  work? 

j.  Why  is  it  difficult  to  dive  deep? 

3.  Problem  Situation 

Content 

a.  Methods  of  purifying  water 

(1)  How  can  a city  have  a safe  and 
sufficient  water  supply? 


(2)  Distillation  of  water 


(3)  Other  methods 


(4)  Hard  water 

h.  Water  cycle 

(1)  Evaporation 

(2)  Condensation 

(3)  Underground  water  system 


(4)  Forest  as  a regulator  of  the 
water  cycle 

c.  Sewage  disposal  methods 
Septic  tank 
Cesspool 

Municipal  disposal  plants 
River  disposal 


Experiences 

a.  Visit  the  water  su])ply  system  or  re- 
port on  the  source 

b.  Discuss  New  York  water  supply 
problem  and  rain  makers 

c.  Experiments  on  filtration,  gravity 
supply,  settling,  effect  of  chlorine 
on  paramecia 

a.  Needs  of  distilled  water:  batteries, 
medicine,  steam  irons 

b.  Experiments  on  distillation  and 
crystallization 

c.  Test  rain  water 

a.  Report  on  aeration  and  bacteria 
(Saratoga  swimming  pool) 

b.  Experiment  on  how  sea  water  can 
be  made  into  drinking  water  (Silver 
compounds) 

a.  Experiments  in  soap  making,  ways 
water  can  be  softened,  boiler  scale 

b.  Reports  on  soap  products  and  uses 

a.  Experiments  on  humidity  and  its 
effect  on  drying,  wet  and  dry  ther- 
mometers, alcohol 

a.  Studv  weather  reports  and  types  of 
precipitation 

a.  Report  on  underground  rock  for- 
mations and  the  effect  on  the  water 
table 

b.  Experiment  on  springs  (water  seeks 
its  own  level)  ; show  that  backseep- 
ing  of  water  forms  swamps 

c.  Report  on  water  caverns 

a.  Report  on  water  erosion  and  forests 

b.  Visit  erosion  areas  and  reclamation 
projects 

a.  Report  on  or  visit  a disposal  plant 

b.  Report  on  the  antipollution  bill  of 
1945  (Act  177,  Pennsylvania  Gen- 
eral Assembly) 

c.  Discuss  location  of  a well  and  sew- 
age drainage 
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Content 


Experiences 


d.  Principles  of  water 

(1)  Boiling  and  freezing 

(2)  Pressure 


(3)  Buoyancy 

(4)  Water  as  a source  of  energy 

e.  Sea  is  an  nnta|)ped  source  of  min- 
eral wealtli 

f.  W^ater  devices 

(1)  Siphons 

(2)  Piiin]}s 

(3)  Hydrometers 


a.  Experiment  on  freezing  and  lioiling 
temperatures  on  F.  and  C.  ther- 
mometers: show  the  expansion  of 
water  on  freezing 

a.  Eixperiment  on  jrressure  increase 
with  depth  ('Cartesian  diver)  ; show 
pressure  same  at  any  one  point. 
Hydraulic  press 

b.  Report  on  dam  construction 

a.  Experiment:  .Archimedes’  principle 

a.  Report  on  hydroelectric  ])lants 

a.  Report  on  the  Dow  project 

I).  Chart  of  minerals  found  in  the  sea 

a.  Show  how  to  siphon  an  aquarium; 
read  a hydrometer 

h.  Report  on  how  a force  and  lift 
pump  works 


4.  Additional  Suggestions 

How  the  Navy  refloats  a ship 

Study  of  hydroelectricity 

How  can  a submarine  travel  under  water? 

Test  soap  products 

Plan  plumbing  project 

Project  on  the  control  of  water  erosion 

Report  on  how  the  age  of  the  earth  is  determined  by  estimating  the  amount 
of  salt  in  the  ocean 

Report  on  vacation  dangers  due  to  impure  water 
Report  on  steam  as  a source  of  power 
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6.  Evaluation  (See  p.  90) 


A FIELD  TRIP 


Unit  X— A Journey 

OUR  CLASS  VISITS  THE  FILTRATION  PLANT 

Situation: 

j An  eighth  grade  class  in  general  science  was  studying  the  unit  on  water. 
Within  the  unit  we  discussed  the  necessity  of  a good  water  supply.  Our 
school  water  supply  was  investigated  next.  The  questions  of  how  our 
homes  were  supplied  with  water  and  at  what  approximate  cost  were 
next  probed.  Other  questions  followed  as:  “How  do  nearby  cities  secure 
their  water  supply?”  “Is  this  supply  always  adetpiate?”  An  election 
was  held  and  a student  was  elected  to  contact  the  local  or  nearby  filtra- 
j tion  plant  and  make  arrangements  for  the  class  to  visit  the  plant.  Per- 
i mission  was  secured  from  the  school  office  and  a bus  was  assigned  us  for 
I the  trip.  None  of  the  students  had  ever  made  this  trijD  before. 

j Procedure : 

I The  teacher  asked:  How  shall  we  prepare  for  this  trip?  What  nioni- 
I tors  are  needed?  What  questions  shall  we  have  answerd  in  order  to 
I make  our  trip  worth  while?  Each  student  wrote  up  a list  of  cpiestions 
^ that  he  hoped  would  be  answered  before  he  returned.  Papers  were 
I collected.  A student  read  off  the  questions.  The  good  ones  were  written 
‘ on  the  board,  the  poor  ones  eliminated.  We  entered  the  filtration  plant 
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armed  mentally  with  the  following  questions:  How  far  into  the  lake 

do  the  intake  pipes  extend?  How  large  is  the  intake  pipe?  (Guesses  ran 
from  four  inches  to  six  feet.)  Does  the  water  have  to  remain  in  the 
sedimentation  beds  longer  at  some  times  than  at  others?  Does  the 
amount  of  chlorine  added  vary  or  does  it  remain  the  same?  What  is  the 
final  test?  Is  anything  added  to  quicken  settling?  How  much  water 
does  the  city  use  daily?  How  many  gallons  per  person  a day  are  allowed? 
What  emergency  methods  are  available?  How  are  filter  beds  cleaned? 
How  are  odors  removed?  Of  what  are  filter  beds  composed?  What  types 
of  pumps  are  used?  How  is  the  cost  of  filtering  the  water  taken  care 
of?  How  many  days  a week  do  the  men  work? 

Outcomes: 

We  spent  two  hours  in  the  filtration  plant  and  pumping  station.  This 
group  had  gained  an  insight  into  the  importance  of  good  water  supply. 
They  saw  the  dirty  water  enter  the  plant,  smelled  the  strong  vegetable 
odors,  watched  forms  of  life  in  it,  looked  at  a drop  of  raw  water  and 
then  at  filtered  water,  observed  immaculate  laboratories,  both  chemical 
and  bacteriological;  saw  test  tubes  and  cultures  of  bacteria.  Later  the 
pupils  were  treated  to  a glass  of  water  at  the  request  of  our  guide.  They 
saw  the  huge  old  steam  pumps  pump  900  gallons  with  each  stroke  and 
they  observed  the  small,  quick-acting  electric  pumps. 

They  talked  to  the  men  in  the  different  departments  and  found  them 
friendly  and  helpful. 

Results : 

The  students  learned  the  importance  of  a good  water  supply. 

Some  students  received  leadership  training. 

They  developed  a better  understanding  of  the  problems  that  face  a 
community,  appreciation  for  those  who  hold  the  health  of  others  in  their 
hands,  a true  meaning  of  conservation  as  it  applies  to  each  good  citizen. 

A “thank  you”  letter  was  sent  to  our  guide. 


Unit  XI 

HUMANE  EDUCATION 

Orientation  by  teacher  and  planning  with  pupils 
Suggested  activities:  Pupil  investigations  and  reports 
A Study  of  Organizations 

The  studies  under  this  topic  should  be  considered  for  both  rural  and 
urban  schools.  Part  of  these  assignments  may  be  chosen  for  composition 
and  theme  work.  They  may  also  be  coordinated  with  biology,  civics, 
nature  study,  and  out-of-door  projects.  The  creature  world  and  the  out- 
of-doors  become  the  laboratory  for  first-hand  observation. 

a.  Note  the  scope  of  local  organizations,  their  aims,  and  purposes. 

b.  A representative  of  an  organization  may  appear  before  the  group,  or  a student 
may  be  assigned  to  seek  interviews  and  make  reports.  If  the  organization  has 
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equipment,  activities,  or  field  projects,  individuals  or  groups  may  be  assigned 
to  report  on  firsthand  observations. 

c.  Check  your  community  for  the  following: 

Izaak  Walton  League 
Audubon  Societies 
Sportsmen’s  organizations 
The  zoo  or  specialists  on  zoology 
Bird  sanctuaries 
^Vildlife  reserves 
Naturalists 

2.  Shelter  (mostly  urban) 

Projects  for  the  conservation  of  birds  and  wildlife 

Kennels  for  care,  boarding  or  housing  stray,  lost  or  other  animals 

Visits  to  animal  shelters  or  humane  societies 

Visits  to  veterinary  hospitals 

3.  Handling  Small  Animals  (urban  and  rural) 

Safety  precautions  for  the  animal 
Safety  precautions  for  the  handler 
Classroom  demonstration  lesson  by  veterinarian 
Methods  of  catching  stray  animals 
Equipment  for  handling  small  animals 
Precautions  for  handling  diseased  animals 

4.  Transportation  (urban  and  rural) 

Study  express  company  regulations  and  shipment  of  small  animals  and 
poultry 

Railroad  car  shipment 
Truck  shipment 
Driving  precautions  for  trucks 
Loading  and  unloading  precautions 
Heavy  losses  by  damaged  carcasses  or  death 

Livestock  Loss  Prevention  Association  (see  slaughter-house  management) 

5.  Cruelty  in  Motion  Pictures  (urban  and  rural)  —English  composition 
—Confer  with  producers— Write  The  Humane  Association,  Albany, 

N.  Y. 

Trick  photography 

Humane  regulations  in  motion  picture  production 

Study  objections  to  portrayal  of  cruelty  on  the  screen,  real  or  apparent 
Observe  care  of  livestock  in  the  motion  picture  field 

a.  Compare  these  animals  with  like  creatures  in  other  fields 

b.  Discuss  pros  and  cons  on  humanities  involved 

6.  Fur  Farms  vs.  Native  Furs  (for  rural  held  study— for  urban  library 
study) 

Foxes,  mink,  chinchilla,  etc. 

Domesticating  wild  animals— wise  or  unwise— kind  or  unkind 

7.  Farm  Animal  Conhnement  (rural)— Contact  Farm  Btireau 

Poultry  kept  in  batteries 
Forced  feeding— ducks,  etc. 

Cattle  confined  in  modern  barns 
Advantages  and  disadvantages 


Fur  traders 
Trapping  industry 
Government  regulations  on  the 
seal  industry 

Wildlife  fullv  protected  bv  law 
Predatory  creatures  covered  by 
bounty 
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8.  Relation  of  Animal  and  Plant— Humanity  in  the  balance— The  field 

is  your  laboratory 

Arbor  Day  and  tie-in  with  animal  assets 
Insect  enemies  and  their  control 

Birds,  snakes,  rabbits,  skunks,  toads,  etc.,  as  related  to  plant  protection 

!).  Earth  Worm  Farming— a marvel  in  nature  study— (rural) —See  Penn- 
sylvania State  College  Bulletin 
Restoration  of  soil 
Effect  on  crops 

Production  and  marketing  of  earth  worms  and  castings 

10.  Pests  (rural  principally) 

Creatures  that  should  be  eradicated 

Creatures  that  should  be  reduced  in  numbers  only 

Benefits  that  have  been  derived  or  attained  from  past  life 

C.  Pupil  reports  and  exhibits 
1).  Evaluation 


GRADE  NINE 


Scope 


One  of  the  major  concerns  of  the  ninth  grade  student  is  that  of  adolescence. 
He  is  making  a personal  and  social  adjustment  that  will  make  him  a definite 
personality.  With  such  a prohlem  in  mind  it  will  be  wise  for  the  science  course 
to  include  units  of  diet,  selection  and  care  of  clothing,  the  maintenance  of  good 
health,  together  with  a general  survey  of  physics,  chemistry,  and  biology. 


If  the  student  can  be  made  aware  that  science  meets  the  needs  of  youth 
as  well  as  those  of  adults,  then  he  will  develop  a sotmd,  workable  scientific 

Sequence 

How  Can  We  Control  and  Use  the  Microscopic  World? 

How  Can  I Keep  My  Body  in  Good  Health? 

How  Should  I Select  and  Care  for  My  Clothing? 

VVTiat  Shoidd  I Know  .About  Growing  Up? 

Machines  We  Use  Today  and  Machines  of  Tomorrow 
What  Activities  Depend  on  the  Sun  and  the  Universe? 

Why  Must  the  tVorld  Have  Light? 

How  Do  Electrons  Work? 

Life  Problem  Unit:  What  Eoods  Should  I Eat  and  How  Doe.s  My  Body 
Use  Them? 

Report  of  School  Trip:  Our  Class  Visits  a Planetarium 

Evaluation 


attitude. 

Unit 

I 

Unit 

II 

U NIT 

HI 

Unit 

IV 

Unit 

V 

Unit 

VI 

Unit 

VII 

Unit 

VIII 

Unit 

IX 

tlNir 

X 

For  the  evaluative  procedures  ivhich  should  he  used  at  the  termination 
of  each  unit,  the  user  of  this  bulletin  is  referred  to  Section  1 of  Chapter 
II,  '‘Teaching  Science  by  Units,”  and  to  Chapter  IV,  “Evaluation.”  Co- 
operative teacher-pupil  evaluation  and  direct  drill  techniques,  where 
needed,  should  be  characteristics  of  all  good  evaluation.  Sample  pupil 
check  lists  are  included  for  this  purpose  for  Units  VI  and  VIE  Others 
may  readily  be  constructed. 
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Other  content  and  problems  suggested 
by  the  class 


Unit  V 

MACHINES  WE  USE  TODAY  AND  MACHINES  OF  TOMORROW 

Ovewiew  by  teacher  and  planning  with  pupils 
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Student  Self-Appraisal  Check  Iast  for  Unit  VI 


WHAT  ACTIVITIES  DEPEND  ON  THE  SUN  AND  THE  UNIVERSE? 

I.  Useful  Knowledge 

a.  Can  you  explain  how  we  know  what  is  in  the  sun?  

b.  Can  you  demonstrate  how  a telescope  works?  

c.  Do  you  know  what  keeps  the  sun,  earth,  moon,  and  planets 

in  place?  

d.  Can  you  discuss  some  superstitions  about  the  moon?  

e.  Can  you  explain  what  causes  the  change  of  seasons?  

f.  Do  you  know  what  causes  tlie  moon’s  phases?  

g.  Can  you  explain  three  ways  by  which  an  airplane  navigator  can 

find  out  where  he  is?  

h.  Can  you  diagram  and  recognize  six  constellations?  

i.  Do  you  know  how  many  stars  can  he  seen  with  the  naked  eye? 

With  a powerfid  telescope?  

j.  Do  you  understand  what  a knowledge  of  the  solar  system  has  to 

do  with  you  personally?  


2.  Vocabulary 

Can  you  explain  and  tise  the  following  words  or  terms? 
Yes  D.  No 

a.  astronomy  . . 


Yes 


D. 


No 


b.  astrology  . . . 

c.  constellation 

d.  eclipse  

e.  equinox  . . . . 


f.  gravity 

g.  inertia  . 

h.  orbit 

i.  spectroscope 

j- 


solstice 


1.  Principles  and  Laics 

Can  you  state  four  scientific  principles  or  laws  which  explain  anv  of  the  following? 

hot  weather  in  summer,  gravity,  I.  

change  of  seasons,  day  and  2,  

night,  tides,  time  Itelts,  short  3.  

days  and  long  days  4.  


1.  Daily  Activities  and  Phenomena 

Can  you  list  four  daily  activities  which  illustrate  the  following? 

gravity,  inertia,  momentum,  1,  

pendulum,  rotation,  revolution  2.  

3,  

4,  


).  Demonstrations 

Can  you  prove  by  demonstrations  that: 

a.  Elements  give  off  light?  

b.  The  color  emitted  by  a hot  element  depends  on  what  it  is.-' 

c.  Change  of  seasons  is  catised  by  the  earth’s  movement? 

d.  The  time  of  a pendulum  depends  upon  the  cord’s  length.-' 

e.  The  moon  has  (or  has  not)  an  effect  on  seeds  or  on  shingles.-' 

5.  What  else  did  you  learn  in  this  unit? 

What  help  did  you  give  to  the  work  of  the  class.-' 


l’« 


/). 


,V« 


WHY  MUST  THE  WORLD  HAVE  LIGHT? 

Overview  by  teacher  and  planning  with  pupils 
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Student  Self-Appraisal  Check  List  for  Unit  VII 

WHY  MUST  THE  WORLD  HAVE  LIGHT? 


I.  Useful  Knowledge 

a.  Do  you  know  where  light  comes  from  and  how  it  travels?  .... 

I).  Can  you  explain  how  a mirror  enables  you  to  see  yourself?  . . . 

c.  Can  you  explain  how  the  shape  of  a mirror  affects  what  is  seen 

in  it?  

d.  Do  you  understand  how  bifocal  glasses  work?  

e.  Can  you  name  the  parts  of  a telescope,  microscope,  and 

binoculars?  

f.  Can  you  name  the  parts  and  explain  the  operation  of  a camera? 

g.  Can  you  name  the  parts  and  explain  the  operation  of  the  human 

eye?  

h.  Do  you  know  what  factors  to  consider  in  choosing  paint?  

i.  Do  you  know  what  contributions  to  science  were  made  by 

Roemer,  Michelson,  Newton,  and  Planck?  

j.  Can  you  explain  the  cause  of  various  colors?  

1.  Vocabulary 

Yes  D.  No 

a.  candle  power  . 

b.  color  blindness 

c.  complementary 

colors  

d.  diffusion  .... 

e.  focal  length . . 


f.  infrared 

g.  lenses 

h.  lumens 
i.  quanta 


Yes  D.  No 


— __ 

Yes  D.  No 


5.  Principles  and  Laws 

Can  you  name  six  principles  or  laws  which  explain  any  of  the  following? 

Eyestrain,  sightseeing,  stargazing,  1.  4.  

searchlights,  color,  rainbow,  opera  2.  5.  

glasses,  burning  lens,  projectors,  3.  6.  

motion  pictures 

1.  Daily  Activities  and  Phenomena 

Can  you  name  six  activities  or  phenomena  which  illustrate  any  of  the  following? 

Light  reflection,  light  speed,  image  1.  4.  

reflection,  principles  of  lenses,  color  2.  5.  

I photography,  pigment  3.  6.  


Can  you  demonstrate 

a.  How  a photometer  works?  

b.  A desk  lamp  that  produces  the  best  light?  ... 

c.  Colors  that  are  pleasing  for  interior  decoration? 

d.  How  a telescope  works?  


Yes  D.  No 


>.  What  else  did  you  learn  in  this  unit? 

What  help  did  you  give  to  the  work  of  your  class? 


HOW  DO  ELECTRONS  WORK? 

Overvieiu  by  teacher  and  planning  with  pupils 
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Unit  IX— A Life  Problem  Unit 


WHAT  FOODS  SHOULD  I EAT  AND  HOW  DOES  MY  BODY  USE  THEM? 

1.  Preliminary  teacher  planning: 

a.  The  class  has  studied  a unit  on  air  and  water.  Since  our  bodies  also  need 
food  to  survive,  the  teacher  thinks  food  would  be  a good  area  to  use  next. 

b.  The  unit  is  presented  by  asking  the  class  what  the  body  needs  besides  air  and 
water. 

c.  The  teacher  asks  what  things  the  class  think  they  should  know  about  foods. 
These  are  written  on  the  blackboard. 

2.  Orientation:  (by  class) 

You  have  heard  your  bodies  compared  to  engines,  and  you  know  foods  are 
the  fuels  that  make  the  human  engine  go.  If  you  were  using  an  automobile 
you  would  always  try  to  buy  the  best  oil  and  gas  you  could  if  you  wanted 
to  make  mileage.  In  heating  our  homes  our  fathers  buy  the  best  fuel  they 
can  for  the  money.  Stoking  the  human  machine  is  even  more  important. 
Being  ignorant  about  the  kinds  of  foods  that  are  best  for  us  is  like  going  to  a 
coal  dealer  and  buying  coal  mixed  with  slate.  W'e  just  can’t  afford  to  be 
ignorant  about  foods  and  their  uses. 

The  films  “Meat  and  Romance.”  “The  Balanced  IVay,”  and  “Citrus  in  Nutri- 
tion” provided  a great  deal  of  motivation. 


3.  Learning  Period : 

a.  Committees  were  set  up  for  eacli  of  the  above  areas. 

b.  All  pupils  decided  to  secure  as  much  additional  material  as  they  could. 

c.  Prices  of  certain  foods  were  obtained  from  local  stores. 

4.  Culminating  Activity: 

a.  Group  reports  were  given. 

b.  Many  charts  were  made. 

c.  Dramatizations  of  ordering  correct  and  incorrect  meals  were  given. 

d.  An  exhibit  of  foods  under  the  Basic  Seven  was  arranged. 

5.  Evaluation: 

a.  The  class  decided  that  stores  could  arrange  foods  by  groups  and  help  the 
buyer  in  selecting  an  adequate  diet. 

b.  The  group  learned  a great  deal  in  the  buying  and  proper  preparation  of  foods. 


The  pupils  decided  to  learn: 

a.  Classes  of  foods  and  uses 

b.  Tests  for  foods 

c.  Amount  of  calories  needed 

d.  How'  to  balance  a diet 


e.  Effects  of  improper  diet 

f.  Effects  of  overeating. 

g.  How  to  buy  foods 


The  Teacher’s  Plan 


1.  Desired  Outcomes: 


a.  Knowledge  and  understanding 

(1)  Green  plants  serve  as  the  source  of  all  foods 

(2)  Green  plants  make  their  own  food 
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(3)  Nongreen  plants  and  animals  are  dependent  on  green  plants 

(4)  Food  is  carried  to  all  parts  of  the  body  by  blood 

(5)  The  discharge  of  waste  material  is  essential 

• 

b.  Habits  and  skills  in 

(1)  Observing  the  growth  of  plants  and  animals 

(2)  Performing  experiments  and  demonstrations 

(3)  Selecting  proper  foods 

(4)  Preparing  a balanced  diet 

c.  Attitudes  and  appreciations 

(1)  Value  of  green  plants 
. (2)  Importance  of  proper  foods 
(3)  Working  of  our  body  organs 

2.  Overview: 

The  green  plant  is  the  basic  food  supply  of  the  world.  In  this  unit  the  pupils 
should  learn  how  the  many  kinds  of  foods  that  we  eat  come  directly  or  indirectly 
from  green  plants;  also  that  the  proper  selection  of  food  and  its  digestion  are 
important  factors  in  our  health. 

3.  Outline  of  Content: 

a.  Basic  sources  of  food: 

(1)  Sources 

(a)  Green  plants 

(b)  Animals 

(2)  How  green  plants  make  food 

(a)  Sunlight 

(b)  Chlorophyll 

(c)  Water 

(d)  Carbon  dioxide  (COj) 

(3)  How  foods  are  used  by  animals 

(a)  One-celled  animals 

(b)  Complex  animals 

(4)  How  nongreen  plants  and  animals  get  food  and  energy 

(a)  Nongreen  plants— bacteria,  bread  mold,  others 

(b)  Animals— carnivorous,  herbivorous,  omnivorous 

(c)  Parasites  and  saprophytes 

b.  How  food  is  supplied  to  the  parts  of  the  body: 

(1)  Structure  and  organs  of  the  human  digestive  system 


Structure: 

Organs: 

Glands  in  the  digestive  system 

Cells 

Mouth 

Salivary 

Tissues 

Pharynx 

Gastric 

Organs 

Esophagus 

Liver 

Systems 

Stomach 

Pancreas 

Small  intestine 
Large  intestine 

Intestinal 

(e)  Work  of  the  roots 

(f)  Work  of  the  trunk 

(g)  Work  of  the  buds 
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(2)  Digestion 

Definition 

Diffusion 

Nutrient  substance  in  food 

(3)  How  we  digest  and  absorb  food 

(a)  Work  of  enzymes 

(b)  Saliva 

(c)  Gastric  juice 

(d)  Bile 

(e)  Pancreatic  juice 

(f)  Intestinal  juice 

(g)  Process  in  small  intestine 

(h)  Absorption  of  food 

(4)  How  food  and  oxygen  are  carried  to  the  cells 

(a)  Circulatory  system 

(b)  Blood- 

Plasma 

Red  corpuscles 
Lymph 


c.  How  cells  use  food 

(1)  Animal  cells 

(a)  For  energy 

(b)  For  growth 

(c)  For  repair 

d.  Food  and  health: 

(1)  Balanced  diet 

(2)  Nutrients 

(3)  Proper  number  of  calories 

4.  Suggested  activities : 

a.  Make  test  for  starch  in  food. 

b.  Make  test  for  sugar  in  food. 

c.  Make  chart  to  compare  amount  of  proteins,  carbohydrates,  and  fats  in  various 
foods. 

d.  Demonstrate:  Green  plants  need  light. 

e.  Make  drawing  of  plants  and  label  parts. 

f.  Examine  cross  section  of  woody  stem  under  microscope  and  note  cells. 

g.  Show  how  liquids  rise  in  stem. 

h.  Observe  cell  division. 

i.  Observe  single  cell  under  microscope. 

j.  Discuss  functions  and  parts  of  tree. 

k.  Prepare  bread  to  make  mold. 

l.  Name  some  carnivorous  animals,  herbivorous,  and  omnivorous, 

m.  Name  some  parasites  and  saprophytes. 


(2)  How  wastes  are  discharged 

(a)  Kidneys 

(b)  Skin 

(c)  Liver 

(d)  Large  intestine 

(4)  Value  and  source  of  vitamins 

(5)  Microorganism 

(a)  Beneficial 

(b)  Harmful 
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n.  Name  some  foods  that  are  roots,  stems,  and  leaves. 

o.  Study  diagram  of  human  digestive  system. 

p.  Demonstration:  diffusion. 

q.  Observe  effect  of  saliva  on  starch. 

r.  Observe  blood  circulation  in  tail  of  fish. 

s.  Study  structure  of  beef  heart. 

t.  Observe  amoeba  under  microscope. 

ti.  Study  diagram  of  human  respiratory  system. 

V.  Demonstrate  effect  of  exercise  on  circtilation  and  respiration. 

tv.  Calculate  a balanced  diet. 

X.  Survey  pupil  food  habits.  Check  table  of  a week’s  diary  with  what  should  be 
incltided. 

y.  Discuss  food  purchases,  how  to  get  the  best  for  the  money.  Talk  by  home  eco- 
nomics teacher. 

L.  Study  vocations  and  pay  in  food  industries  and  medicine.  Pupils  prepare  a 
vocational  chart  showing:  (1)  jobs  or  professions,  (2)  average  yearly  income, 

(3)  training  required. 

D.  Evaluation 

a.  Prepare  check  lists  and  questionnaires  to  appraise  the  development  of  the  fol- 
lowing behaviors: 

(1)  Ability  to  choose  a well-balanced  diet 

(2)  Good  food  habits 

(3)  A liking  for  a variety  of  foods 

(4)  A feeling  of  responsibility  in  helping  influence  good  food  habits  in  others 

(5)  Knowledge  of  the  functions  of  the  nutrients  for  body  growth  and  main- 
tenance 

(6)  Appreciation  of  the  ]>hysical  evidences  of  good  nutrition  and  a willing- 
ness to  work  to  achieve  them 

(7)  Appreciation  of  the  possible  danger  to  dental  health  resulting  from  poor 
food  habits 

(8)  An  understanding  that  food  customs  in  various  parts  of  this  country  and 
in  other  countries  vary  and  that  it  is  possible  to  achieve  a balanced  diet 
by  choosing  wisely  among  foods  that  are  unfamiliar  to  us 

(9)  An  understanding  that  food  fads,  fallacies,  and  superstitions  are  not  based 
on  scientific  research 

(10)  An  understanding  that  the  information  we  have  concerning  nutrition  is 
a result  of  research  and  that  future  research  will  teach  us  many  addi- 
tional things  about  food  and  its  use 

(11)  An  understanding  of  the  importance  of  careful  food  handling 

(12)  An  understanding  that  the  way  food  is  proce.ssed  and  prepared  affects 
its  nutritional  value 

(13)  Some  knowledge  of  acceptable  methods  of  food  preparation  and  food 
preservation 

(14)  Desire  to  get  more  food  value  for  the  money  spent  on  “snacks” 

(15)  Appreciation  of  the  possible  contribution  of  the  school  lunch  program 
toward  good  nutrition 
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(16)  Ability  to  find  authentic  information  concerning  nutrition  in  current  books 
and  periodicals 

b.  Check  by  functional  unit  test,  questionnaire,  and  observation  pupil  under- 
standings of  the  facts  discussed  in  the  following  presentation  and  the  chart  on 
page  122. 


The  Contributions  of  a Type  A Lunch  Toward  the  Total  Daily 
Nutrition  Needs  of  School  Children 


Children  of  all  ages  need  three  good  meals  a day.  Only  through  foods  of  high 
quality  can  children  obtain  their  total  nutrition  needs  for  energy,  for  protein,  for 
the  minerals,  calcium  and  iron,  and  for  the  vitamins  -A,  B,  C,  and  G. 

Each  column  on  the  chart  (page  122)  represents  one  of  these  nutrition  needs  measured 
in  shares.  Every  day  children  of  the  primary  age  group  need  enough  food  to  reach 
the  lowest  line  of  stars  in  each  column.  The  elementary  and  junior  high  school 
pupils  need  more,  enough  to  reach  the  goals  represented  by  the  middle  row  of  stars. 
A senior  high  school  boy  is  always  hungry  because  he  needs  so  much  more  than  the 
others.  His  goals  and  daily  needs  are  indicated  by  the  top  row  of  stars. 

The  school  lunch  program  operates  for  the  benefit  of  all  groups  hut  furnishes  only 
one  of  the  needed  three  daily  meals.  The  school  meal  should  supply  a third  of  a 
child’s  nutrition  needs  for  the  entire  day.  Breakfast  and  dinner  are  the  responsibility 
of  the  home. 
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The  blocked  portion  at  the  bottom  of  each  column  shows  what  a typical  Type  A 
lunch  provides  and  just  how  far  it  goes  toward  meeting  the  total  daily  nutrition  needs 
of  our  school  children  in  the  different  grade  levels.  (Grouped  for  practical  use.)  AV’hat 
a typical  A lunch  contributes  toward  these  is  shown  by  the  blocks  in  the  area  at  the 
bottom  of  the  chart. 

The  bottom  unmarked  block  in  each  column  shows  just  what  a bottle  of  milk  con- 
tributes. Reading  up,  the  second  block  shows  what  a portion  of  a main  dish  like 
stew,  meat  patties,  cheese  fondue,  fish,  eggs  or  beans,  on  an  average,  supplies.  The 
third  block  above  that  represents  an  average  serving  of  vegetables:  the  fourth,  an 
averaged  serving  of  fruit;  the  fifth,  a serving  of  bread  such  as  whole  wheat,  Boston 
brown,  cornbread,  or  rolls  when  averaged  together  and  served  with  butter  or  fortified 
margarine;  sixth  and  top,  the  needed  contributions  of  a simple  dessert. 

The  chart  reveals  at  a glance  just  how  far  the  school  meal  goes  toward  meeting 
the  approximate  total  nutrition  needs  of  children  in  the  different  grade  levels;  what 
adjustments  are  needed  if  it  is  to  meet  a third  of  their  total  needs;  and  how  far  short 
lunches  fall  in  meeting  our  topmost  responsibility  of  the  school  lunch  program  to 
the  high  school  boy  at  the  peak  of  his  growth  needs. 

Desserts,  if  well  planned,  can  be  inexpensive.  Dried  eggs,  dry  skim  milk  solids,  dried 
fruits  and  honey,  all  free  USD.A*  foods,  can  be  made  into  excellent  desserts  of  a great 
variety.  Only  foods  that  make  a contribution  to  the  total  needs  of  growing  children 
should  be  offered  in  the  school  lunchroom,  but  unless  the  school  attempts  to  meet 
the  energy  needs,  children  will  fall  into  bad  food  habits,  A recent  study  revealed  that 
42  per  cent  of  the  children  surveyed  spent  ten  cents  or  more  daily  on  snacks.  Why  not 
offer  them  a nutritious  dessert  in  school  to  replace  candy  and  beverages  furnishing 
calories  only? 

The  total  day’s  needs  must  not  overlook  a good  breakfast  and  a suitable  dinner  at 
night,  but  these  are  the  responsibility  of  the  home,  and  these  two  meals  added  to 
the  school  lunch  should  bring  the  total  food  values  up  to  the  stars  or  daily  goals, 

* United  States  Department  of  Agriculture. 
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Unit  X— Report  of  a School  Trip 
OUR  CLASS  VISITS  A PLANETARIUM 


Situation 

The  ninth  grade  science  class  had  begun  to  study  a unit  on  astronomy. 
One  of  the  pupils  asked,  “Could  we  go  to  visit  the  Buhl  Planetarium  in 
Pittsburgh?” 

A committee  was  appointed  to  investigate  the  transportation  prob- 
lem. In  a few  days  the  committee  reported  the  cost  of  the  trip  as 
obtained  from  three  companies.  The  group  decided  upon  a company 
and  asked  the  teacher  to  hire  one  bus.  Each  pupil  paid  his  share  of  the 
transportation. 

The  class  was  divided  into  committees  which  explored  different  phases 
of  the  unit.  Several  moving  pictures  were  shown.  The  class  decided  to 
visit  the  Carnegie  Museum  also. 

All  plans  worked  out  very  well.  We  visited  Carnegie  Museum  in  the 
morning,  then  spent  the  afternoon  at  the  Buhl  Planetarium,  and  the 
evening  at  the  Allegheny  Observatory.  Here  we  saw  firsthand  three 
telescopes.  Their  operation  was  explained.  In  addition,  we  heard  an 
excellent  illustrated  lecture  in  the  science  hall  of  the  observatory. 

Outcomes 

The  group  gained  experience  in  planning  and  carrying  out  an  ex- 
cursion. The  unit  was  made  meaningful,  interesting,  and  the  pupils 
learned  much  as  tests  showed.  An  extra  interest  in  the  study  was  obtained 
by  the  excursion.  The  following  functional  information  and  principles 
were  learned: 

1.  The  sun  rules  our  daily  lives: 

a.  Effects  of  sun’s  energy 

(1)  Direct  uses  by  man 

(2)  Direct  uses  by  plants 

(3)  Water  cycle 

(4)  Fuels 

(5)  Conservation  of  fuels 

2.  The  remarkable  feature  of  the  universe  is  its  orderliness: 

a.  Nature  of  solar  system 

(1)  Members  of  solar  system 

(2)  Motions  and  forces  in  solar 

1 system 

■ (3)  Origin  of  solar  system 

I (4)  Moon  and  its  motions 

c.  Astronomy  versus  astrology 
, (1)  Origin  of  each 

ji  (2)  History  of  the  development  of  each 

(3)  Present  status  of  each 

! (4)  Orderliness  in  the  universe 


b.  Beyond  the  solar  system 

(1)  Stars 

(2)  Constellations 

(3)  Galaxies 

(4)  Telescopes 


b.  Nature  and  composition  of  the  sun 

(1)  Nature  of  sun 

(2)  Sun  spots 

(3)  Composition  of  sun 
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3.  The  motions  of  the  earth  produce  orderly  changes  in  our  emnron- 
ment: 


a.  Elfects  of  earth’s  motions 

(1)  Day  and  niglit 

(2)  Seasons 

(3)  Changing  appearance  of  sky 


I).  Uses  of  earth’s  motions 

(1)  Determining  direction 

(2)  Recording  position 

(3)  Reckoning  time 


SECTION  2 

SCIENCE  IN  THE  SENIOR  HIGH  SCHOOL 

Trends  in  the  enrollment  and  in  the  planning  of  science  courses  in  both  the 
junior  and  senior  high  schools  emphasize  the  needs  of  the  consumers  of  scien- 
tific knowledge.  The  number  of  pupils  in  the  less  formal  science  courses  and 
the  variety  of  courses  offered  have  increased.  Unification  of  some  courses  under 
the  name  “biology”  is  an  established  fact.  Further  unification  in  physical 
science  is  growing.  In  the  more  formal  science  courses,  the  great  social 
objectives  of  secondary  education  are  finding  increasing  expression. 

The  sjoiraling  complexity  of  a scientific  age,  the  hoodwinking  of  the 
public  with  pseudoscientific  commercialism,  superstitions,  and  un- 
reasoned prejudices  all  urge  emphasis  in  the  science  program  toward 
social  goals.  However,  there  is  a simultaneous  demand  for  trained 
scientific  leadership.  This  calls  for  the  early  specialization  and  con- 
centration of  science-talented  youth. 

Specialization  and  Socialization — Two  Views 

Socialization  takes  the  form  of  a social  development  which  is  focused 
on  the  life  and  needs  of  all  learners  and  an  approach  which  takes  ad- 
vantage of  opportunities  and  uses  direct  teaching  for  the  practical  ap- 
plication of  more  abstract  generalized  concepts.  Specialization  involves 
continued  grade  by  grade  experiences  in  science  education.  It  includes 
increasing  skill  in  the  use  of  the  mathematics  and  symbols  which  form 
part  of  the  language  of  science.  Both  socialization  and  specialization, 
like  all  effective  teaching,  depend  for  attainment  upon  the  education 
which  is  meaningful  and  functional  to  the  learner  himself. 

Effective  specialization  at  the  secondary  level  is  founded  upon  the 
information  and  understanding  which  are  used.  Thus  the  learner 
should  be  guided  repeatedly  into  many  real— not  artificial— situations 
in  which  technical  knowledge  and  skills  are  used  in  developing  scientific 
behaviors  through  everyday  concrete  experiences. 

Specialization  is  the  outgrowth  of  the  common  learnings  which  are 
needed  by  all  youth.  Research  indicates  that  adolescent  problems  and 
the  lack  of  basic  scientific  knowledge  for  living  persist,  almost  undi- 
minished, throughout  the  secondary  school  years.  Experience  with  the 
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immediate  and  concrete  leads  to  technical  generalizations,  abstractions, 
and  facility  with  the  use  of  symbols.  Where  needed,  direct  teaching  and 
drill  follow  experience  with  matter  and  problems  which  are  familiar 
to  the  learner.  This  has  always  been  the  method  of  effective  science 
teaching. 

Problem-Solving  Activities 

The  literature  on  science  education  and  modern  courses  of  study  focus 
upon  the  attainment  of  functional  information,  understandings,  atti- 
tudes, and  behaviors.  These  are  designed  for  the  general  education  of 
all  youth  and  for  the  pretechnical  education  of  science-talented  youth. 
These  functional  objectives  lead  beyond  shallow  verbalized  memory.  For 
accomplishment,  they  require  classrooms  that  are  learning  laboratories. 
Learning  activities  are  the  only  known  antidote  for  verbalism.  Problem- 
solving situations,  which  are  characteristic  of  science  education,  provide 
an  endless  array  of  activities  of  this  type. 

In  the  biology,  physics,  chemistry,  and  physical  science  courses  which 
are  presented,  functional  problems  are  frequently  suggested.  These  are 
designed  to  stimulate  local  planning  of  a similar  type.  Local  planning 
should  be  both  preplanning  by  the  teacher  himself  and  pupil-teacher 
planning.  The  latter  reveals  pupil  concern  and  enhances  the  par- 
ticipation which  only  democratic  processes  develop. 

Functional  problems  are  derived  from  sequential  subject  matter  re- 
quirements. They  are  based  also  upon  the  natural  curiosity,  compulsions, 
and  concerns  of  youth.  They  should  pose  themselves  in  natural  spon- 
taneous situations  rather  than  be  presented  entirely  by  the  teacher  or 
course-of-study  committee  in  a formal  or  verbal  manner. 

Selection  of  Science  Experiences 

The  rapid  growth  in  the  applications  of  scientific  principles,  comparable 
only  to  the  Bikini  mushroom  itself,  has  tended  to  push  the  covers  of  science 
textbooks  far  apart.  The  attempt  to  cover  a text  becomes  increasingly  absurd. 
There  must  be  selection  in  terms  of  the  principles  and  understandings  which 
youth  needs  in  an  atomic  age.  The  functional  values,  upon  which  both  educa- 
tion for  living  and  pretechnical  learning  depend,  become  criteria  and  points  of 
emphasis. 

Functional  learning  and  transfer  require  the  student— under  guidance 
—to  make  many  applications  of  the  basic  principles  of  science.  These  are 
comparable  in  number  to  nearly  all  the  everyday  activities  which  come 
to  mind.  The  wealth  of  available  applications  to  the  learner’s  own 
environment  and  experience  provides  a variety  of  illustrations  for  im- 
mediate use  in  meeting  the  diverse  interests  and  needs  of  all  youth. 
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These  and  other  means  provide  procedures  of  a problem-solving,  in- 
ductive type  to  keep  science  education  out  of  the  shallows  into  which 
cookbook  methods  may  take  it. 

How  to  Use  the  Senior  High  School  Courses  of  Study  in  Science 

Facility  with  the  courses  of  study  in  biology,  chemistry,  physics,  and 
physical  science  will  be  increased  if  Chapter  I,  “Problems  of  Science  Edu- 
cation,” Chapter  II,  “Achieving  Greater  Goals  in  Science  Education,” 
and  Chapter  IV,  “Evaluation,”  are  frequently  reviewed.  The  principles 
which  are  expressed  have  been  developed:  (1)  from  cooperation  in  this 

study  by  the  nine  district  science  committees,  (2)  from  the  discussions 
of  the  State  Science  Curriculum  Committee,  (3)  from  the  literature 
and  research  on  science  education,  and  (4)  from  the  Evaluative  Criteria 
of  the  Middle  States  Association.  The  various  courses  of  study  and  the 
units  included  in  them  are  an  expression  of  these  principles.  They  are 
best  understood  and  most  easily  used  in  their  relationship  to  the  whole 
of  which  they  form  a part. 

Reports  on  the  tryout  and  further  development  of  the  courses  of  study 
and  suggested  units  will  be  greatly  needed  for  the  future  revision  of  this 
bulletin.  In  addition,  reports  of  the  means  used  for  the  comprehensive 
evaluation  of  the  units  and  the  results,  in  terms  of  individual  and  group 
growth,  will  add  greatly  to  the  improvement  of  science  education  in  the 
State.  The  district  science  chairmen  will  welcome  such  cooperation  and 
materials. 


FOCUS  ON  THE  STUDY  OF  MAN 


BIOLOGY 

Scope 

Man  is  a reactive  organism,  as  are  all  living  creatures.  His  ability  to  adjust 
himself  successfully  to  the  demands  of  an  ever-changing  world  will  be  de- 
termined by  the  behaviors  which  are  developed  in  him  through  an  understand- 
ing and  practice  of  behavior  patterns  common  to  all.  Did  the  study  of  biology 
do  no  more  than  enable  man  to  understand  his  own  behavior,  to  enlarge  his 
understanding  of  himself  in  relation  to  others,  it  would  justify  careful  con- 
sideration. 

Trends  in  biology  teaching  indicate  that  subject  matter  has  become 
less  technical  and  more  practical,  with  increasing  emphasis  on  functional 
values.  Present-day  biology  teaching  avoids  the  situation  where  pupils 
are  able  only  to  state  a principle  correctly.  I£  they  do  not  use  it  in 
ordinary  life,  they  have  not  really  learned  it.  Nowhere  is  the  transition 
from  lesson  learning  to  learning  by  doing  more  apparent. 

The  study  of  biology  (1)  should  demonstrate  the  order  which  inheres 
in  creation  and  seeks  to  reduce  the  phenomena  of  nature  to  simjale 
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laws,  (2)  should  foster  the  idea  that  truth  is  immutable,  although  our 
concepts  of  it  are  subject  to  error,  (3)  should  stress  vocational  and 
avocational  ramifications  that  add  to  its  value,  (4)  should  develop  gieater 
tolerance  from  the  realization  that  behavior  is  largely  conditioned,  that 
difference  in  color  of  skin  and  facial  contours  are  superficial  only  and 
nature’s  product  of  selection  and  protection,  and  (5)  should  bring  about 
a luller  enjoyment  of  the  aesthetic  values  in  life  and  more  perfect 
adjustment  of  man  to  his  changing  environment. 

Education  is  the  immortal  chain  which  provides  a link  with  the  past 
and  continuity  with  the  future.  One  of  its  functions  is  to  perpetuate 
our  great  heritage  of  biological  experience.  Familiarity  with  some  of 
the  great  literature  of  science,  together  with  the  knowledge  of  the 
experiences  of  those  who  have  done  so  much  to  contribute  to  the  present 
knowledge,  demonstrates  the  place  of  science  in  the  evaluation  of  human 
thought. 

Direct  participation  in  real  scientific  experience  must  be  an  integral 
part  of  biology  education.  Learning  activities  which  involve  the  methods 
and  technicjues  of  science  form  the  foundation  for  transforming  natural 
curiosity  into  the  habits  of  critical  thinking. 


No  one  learns  unless  he  thinks;  no  one  thinks  unless  he  has  a problem. 
The  gathering  of  facts,  in  order  to  solve  a problem,  is  well  motivated.  The 
pupil  uses  informatiou  and  subject  matter  from  many  sources,  from  far  more 
sources  than  are  used  in  an  assign-study-recite  textbook  procedure.  The  units 
which  make  up  this  course  start  with  a problem  and  then  seek  subproblems, 
facts,  principles,  that  are  essential  to  the  problem-solving.  Thus  habits  of 
thinking  are  developed  by  thinking,  not  by  repeating  what  others  have  said. 

Sequence 


To  provide  the  learning  experiences  and  behaviors  which  youth  needs 
to  achieve  these  goals,  the  following  sequence  is  suggested: 


Unit 

I 

Unit 

II 

Unit 

HI 

Uni  r 

IV 

Unit 

V 

Unit 

VI 

Unit 

VII 

Unit 

VIII 

Unit 

IX 

Unit 

X 

Unit 

XI 

Unit 

XII 

Unit 

XIII: 

How  Do  I Depend  Upon  My  Physical  Surrountlings  for  Existence? 

How  Do  Living  Things  Obtain  Food? 

How  Do  Living  Things  Assimilate  Food? 

How  Do  I.iving  Things  Grow? 

How  Do  Living  Things  Maintain  Their  Kind? 

How  Are  Living  Things  Classified? 

How  Do  Living  "Things  React  to  Their  Environment? 

How  Are  Living  Things  Fitted  to  Their  Environment? 

^\'hy  Must  I Constantly  Adjust  Myself  to  My  Environment? 

What  Are  the  Ways  in  Which  I Can  Use  Living  Things? 

How  Can  I Improve  Living  Things? 

Why  Must  I Control  My  Environment  in  Order  to  Assure  Satisfactory 
Existence? 

Life  Problem  Unit:  How  Will  Biological-Medical  Research  Help  Me  to 

Live  Longer? 
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Unit  XIV:  Life  Problem  Unit:  How  Can  We  Raise  Plants  in  the  Absence  of  Soil? 
Unit  XV:  Life  Problem  Unit:  How  Can  I Avoid  Stimulants  and  Injurious  Drugs? 
Unit  XVI:  Humane  Education 

Introducing  Units 

Pupil-teacher  planning  is  a necessary  phase  of  effective  functional  edu- 
cation. (See  Evaluative  Criteria  of  the  Middle  States  Association, 
D-15.)  In  introducing  the  biology  units,  provisions  should  be  made  for 
this  essential  motivation.  This  is  especially  advisable  in  biology,  for 
pupils  already  know  a great  deal  about  the  problems.  This  may  take 
the  form  of: 


1.  Overview  by  the  teacher— Importance  of  the  unit,  etc. 

2.  Group  discussion: 

a.  What  do  we  know  now? 

(List  on  blackboard) 

b.  What  do  we  need  to  find  out? 

(List  on  blackboard) 

c.  What  work  plan  shall  we  use? 

(List  problems  and  committees  on  blackboard) 

The  unit  outlines  are  suggestive  and  flexible.  They  should  be  extended 
to  meet  specific  problems  of  pupils  and  the  needs  of  local  communities, 
rural  or  urban.  Variation  in  topics,  problems,  and  activities  will  be 
desirable  as  circumstances  vary. 


I 


Evaluation 

Data  on  the  evaluative  procedures,  which  should  terminate  each  unit, 
are  suggested  in  Section  1,  Chapter  11,  “Teaching  Science  by  Units,” 
and  in  Chapter  IV,  “Evaluation.”  A type  of  suggested  student  self- 
appraisal check  list  for  Unit  I is  included  at  the  end  of  Unit  I.  Similar 
check  lists  for  further  units  may  be  readily  constructed. 


HOW  DO  I DEPEND  UPON  MY  PHYSICAL  SURROUNDINGS  FOR  EXISTENCE? 
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Student  Self-Appraisal  Check  List  for  Unit  I— 

How  Do  I Depend  Upon  My  Physical  Surroundings  for  Existence? 

The  following  student  self-appraisal  check  list  may  be  mimeographed  and 
given  to  biology  students.  Similar  ones  for  subsequent  units  may  readily  be 
produced  by  teachers.  These  should  motivate  self-evaluation  and  participation 
and  provide  an  overview.  Items  should  be  phrased  to  fit  local  situations. 
They  may  suggest  items  for  homemade  achievement  tests. 


NAME 


HOME  ROOM 


CLASS  PERIOD 


To  the  Student: 

The  following  items  are  for  you  to  test  yourself  on  what  you  are  learning.  You  should  check 
Y (Yes) , D (Doubtful) , N (No)  depending  upon  your  knowledge  and  understanding.  Do  not 
check  Y unless  you  know  and  are  sure  that  you  know. 


1 . Useful  Knowledge 

a.  Can  you  explain  how  plants  use  COj  to  manufacture  food? 

b.  Do  you  know  what  part  oxygen  has  in  the  use  of  food?  

c.  Do  you  know  why  the  lack  of  oxygen  produces  death?  

d.  Can  you  diagram  and  explain  the  CO2  cycle?  

e.  Can  you  diagram  and  explain  the  nitrogen  cycle?  

f.  Can  you  explain  why  water  is  essential  for  growth?  

g.  Do  you  know  what  is  the  percentage  of  water  in  meat?  Eggs? 

Fruit?  

h.  Can  you  explain  what  makes  a well-balanced  diet?  

i.  Can  you  list  some  good  health  rules  which  you  have  learned 

in  this  unit?  

j.  Can  you  explain  what  environmental  conditions  caused  people 

to  settle  in  your  community?  

2.  Vocabulary 

Can  you  explain  and  use  the  following  words  and  terms? 

Y D 


D 


N 


N 


D 


N 


a.  adaptation  . 

b.  anabolism  . 

c.  carnivorous 

d.  cell  division 

e.  chlorophyll 

f.  crop  rotation 

g.  dietetics  . . 

h.  evolution  . 

i.  excretion  . 

j.  germination 

k.  habitat  . . . 

l.  herbivorous 
m.  humus  .... 


n.  legume  

o.  metabolism  . 

p.  organism  . . . . 

c[.  osmosis  

r.  photosynthesis 

s.  protein 

t.  protoplasm 

u.  secretion 

V.  species  ... 
w.  transpiration 
X.  vertebrate 

y.  vitamin  . . . 

z.  zoology  .... 
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' Principles  and  Laws 

Can  you  list  six  principles  or  laws  which  explain  any  of  the  following  phenomena  or 
activities? 

Fish  biting  at  the  surface  of  the  water  in  1. 

an  aquarium;  mold  forming  on  a piece  of  2. 

wet  bread;  water  going  uphill  in  a blotter;  3.  

yellow  in  plants  growing  in  semidarkness;  4.  

hibernation  of  animals  5.  

6,  

Daily  Activities  and  Phenomena 

Can  you  list  six  other  everyday  activities  or  phenomena  which  illustrate  any  of  the  following 


principles  or  laws? 

Living  things  must  struggle  for  existence.  1. 

All  life  comes  from  previously  existing  life.  2. 
Plants  and  animals  are  Interdependent.  3. 

All  nature  tends  to  maintain  a balance.  4. 

All  plants  resemble  one  another.  5. 

Plants  and  animals  resemble  one  another.  6. 


Demonstrations 

Can  you  demonstrate  with  apparatus  that: 

a.  All  living  things  depend  on  air  for  existence? 

b.  All  living  things  must  have  water?  

c.  All  living  things  depend  on  the  soil  for  life?  

d.  All  living  things  require  light?  

e.  All  living  things  need  heat?  

I What  else  did  you  learn  in  this  unit? 

a.  

b.  

c.  

d.  

e.  

I What  help  did  you  give  to  what  the  class  did  in  this  unit? 

a.  

b.  

c.  


Y D N 


f Do  you  have  any  related  problems  which  were  not  considered?  If  so,  list  them  here. 


Unit  II 

HOW  DO  LIVING  THINGS  OBTAIN  FOOD? 

Oveniew  by  the  teacher  and  planning  luith  pupils 
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Unit  III 

HOW  DO  LIVING  THINGS  ASSIMILATE  FOOD? 

Overvieiu  by  the  teacher  and  planning  with  pupils 
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Unit  IV 

HOW  DO  LIVING  THINGS  GROW? 

Overview  by  the  teacher  ami  planning  with  pupils 


To  sliow  llial  Ollier  li\iiig  things  Ire- 
tjiieiuly  interfere  with  normal  growth 
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Unit  IV— Continued 

HOW  DO  LIVING  THINGS  GROW?— Continued 
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What  living  things  does  man  use  as  To  show  the  student  where  we  get  Specimens 

commercial  materials?  fuel,  dyestuffs,  lubricants,  plastics,  furs, 

hides,  horns,  shells,  etc. 
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Unit  XI 

HOW  CAN  I IMPROVE  LIVING  THINGS? 

Ovemietu  by  the  teacher  and  planning  with  pupils 
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Unit  Xll 

^ HY  MUST  I CONTROL  MY  ENVIRONMENT  IN  ORDER  TO 
ASSURE  SATISFACTORY  EXISTENCE? 

Overvieiv  by  the  teacher  and  planning  ivith  pupils 
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PREPARING  A CULTURE 

Unit  XIII— A Life  Problem  Unit 

HOW  WILL  BIOLOGICAL-MEDICAL  RESEARCH 
HELP  ME  TO  LIVE  LONGER? 

1.  OVERVIFAV  BY  TEACHER 

2.  PUPIL-TEACHER  PLANNING 

3.  OBJECTIVES 

a.  To  develop  an  appreciation  of  the  part  biological  and  medical 
research  plays  in  making  our  lives  longer,  healthier,  and  happier. 

b.  To  gain  an  understanding  of  the  contributions  of  animal  experi- 
mentation to  man  and  animals. 

c.  To  develop  a realization  that  if  medical  and  biological  science  is 
to  progress— if  we  are  to  develop  cures  for  cancer,  heart  disease, 
poliomyelitis,  etc.,  science  must  be  permitted  to  study  life  in  order 
to  protect  life. 

d.  Other  aims  developed  by  class  discussion. 

4.  INTRODUCTION  (OVERVIEW) 

Medical  research  or  biological  investigation  is  the  study  of  body 

functions  and  the  study  of  diseases. 

Medical  research  has  made  phenomenal  contributions  to  man’s  health 

and  welfare.  From  such  endeavor  has  come  most  of  our  knowledge 
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about  nutrition,  function  of  body  organs,  use  of  drugs,  and  control 
of  diseases.  Animal  studies  have  resulted  in  the  control  of  diabetes, 
smallpox,  pellagra,  scurvy,  rickets,  beriberi,  diphtheria,  typhoid  fever 
and  malaria.  Many  new  and  startling  surgical  procedures  developed 
in  the  laboratory  are  now  saving  countless  lives. 

Each  one  of  us  has  benefited  from  biological  investigation  of  both 
plants  and  animals.  Too  often  we  know  only  of  the  successful  results 
of  such  investigations  and  little  of  the  trials  and  tribulations  involved 
in  the  quest  for  new  drugs  or  the  contributions  animals  have  made 
in  protecting  and  prolonging  our  lives. 

The  source  of  scientific  knowledge  on  the  functions  of  the  human 
body  is  the  result  of  experimental  research  on  animals.  Such  re- 
search has  proved  equally  beneficial  to  animals. 

Biological  experimentation  is  essential  for  the  practical  application  of 
a great  deal  of  jrresent  medical  knowledge  in  the  prevention  or  cure 
of  disease.  Animals  produce  antitoxins  for  us;  they  are  essential  in 
the  discovery  and  standardizing  of  new  remedies.  They  are  necessary 
for  the  diagnosis  of  some  forms  of  tuberculosis.  The  modern  story 
of  foods,  nutrition,  and  the  known  disorders  of  nutrition  would  be 
largely  gaps  and  guesses,  except  for  the  services  of  the  rat,  the  pigeon, 
and  the  dog.  We  would  be  greatly  hampered  in  applying  the  known 
facts  to  society,  were  society  to  stop  the  doctor  and  the  biologist  from 
the  humane  use  of  animals  in  the  scientific  service  of  man. 

Animal  experimentation  is  essential  for  further  j^rogress  in  biology 
and  medicine.  Experimentation  has  certainly  proved  its  value  in 
the  biology  and  medicine  of  yesterday  and  today.  But  what  about 
tomorrow?  Do  we  know  it  all?  Or,  if  not,  cannot  we  find  the  missing 
answers  by  intuition,  inspiration  or  logic?  Intelligent  and  humane 
use  of  all  species  of  animals  will  be  necessary  on  the  road  to  a fuller 
understanding  and  attainment  of  better  health. 

The  use  of  animals  is  of  continuous  and  increasing  importance  in 
the  training  of  the  doctor  and  the  biologist  of  the  future. 

The  search  for  new  and  improved  methods  of  controlling  diseases  in 
man  and  animals  will  never  end.  The  life  lost  today  may  be  saved 
tomorrow,  thanks  to  men  who  have  dedicated  their  lives  to  the 
conquest  of  disease. 

5.  CONTEXTS 

a-  Why  is  Biological  and  Medical  Research  Important? 

(1)  Basis  for  present  knowledge 

(2)  Source  of  future  knowledge 

h.  Beginning  of  Modern  Research 

(1)  Knowledge  of  anatomy 

Andreas  Vesalius— William  Harvey— Anton  van  Leeuwenhoek 

(2)  Eunction  of  body  organs 

(3)  Animal  experimentation 
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c.  Importance  of  Botany  to  Medicine 

(1)  Drugs  primarily  of  vegetable  origin 

(2)  Morphine— quinine— digitalis— cocaine 

(3)  First  tested  on  animals— still  tested  on  animals 

d.  Testing  the  Safety  and  Effectiveness  of  New  Discoveries 

(1)  On  various  species  of  animals 

(2)  Proof  and  acceptability 

(3)  Establishing  standard  dosage 

(4)  Maintaining  standards  of  all  drugs 

e.  Advance  in  Modern  Surgery  Perfected  Through  Animal  Experimentation 

(1)  Blue  baby  operation 

(2)  Blood  vessel,  bone,  and  nerve  grafting 

(3)  Stader  splints 

(4)  Lung,  brain,  and  heart  operations 

(5)  Technique  always  perfected  on  animals  before  humans 

f.  Health  Heroes  and  Research 

(1)  Louis  Pasteur— germ  theory  of  disease 

(2)  Edward  Jenner— vaccination  against  smallpox 

(3)  Walter  Reed— conquest  of  yellow  fever 

(4)  Robert  Koch— science  of  diseases 

(5)  Paul  Ehrlich— the  liirth  of  chemotherapy 

g.  Modern  Medicine  and  Longer  Life 

(1)  Insulin— over  a million  people  being  kept  alive  today  because 
of  insulin 

(2)  Iron  Lung— saves  thousands  of  polio  victims 

(3)  Penicillin— a dramatic  decline  in  pneumonia  deaths 

(4)  Sulpha  drugs— compounded  in  the  laboratory  and  tested  on 
animals 

(5)  Atomic  sickness— knowledge  acquired  by  testing  dogs 

h.  Animals  Benefit  from  Medical  Research 

(1)  Anthrax  vaccine 

(2)  Animal  anesthesia 

(3)  Sleeping  sickness  serum 

(4)  Brucellosis  testing 

(5)  Stader  splints 

i.  The  Debt  of  the  Soldier  to  Animal  Experimentation 

(1)  Mortality  of  battle  casualties  treated  in  medical  installations 

a.  World  War  1-8-12  per  cent 

b.  World  War  II— 3.9  per  cent 
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(2)  Medical  progress  due  to  animal  experimentation  between 
World  War  I and  World  War  II  saved  the  lives  of  over  25,000 
American  boys 

j.  Thanks  to  Animals 

(1)  Scurvy  has  lost  its  terror 

(2)  Today  diphtheria  seldom  strikes 

(3)  Surgery  is  no  longer  agonizing 

(4)  Smallpox  can  be  conquered 

(5)  Blue  babies  can  now  be  saved 

(6)  We  know  the  sulphonamides  are  safe  and  efficient 

(7)  The  iron  lung  was  perfected 

(8)  Powerful  heart  remedies  can  be  given  with  safety 

(9)  If  atomic  medicine  is  successful 

k.  Medical  Progress  in  Danger 

(1)  Difficulty  of  obtaining  suitable  experimental  animals 

(2)  Thousands  of  unwanted  and  unclaimed  dogs  in  public  pounds 
unavailable  for  research 

(3)  The  antivivisection  movement 

(4)  Research  on  cancer,  heart  disease,  poliomyelitis,  etc,  curtailed 
by  lack  of  animals 

6.  ACTIVITIES 

a.  Preview  Questions 

(1)  How  do  we  know  the  function  of  each  body  organ? 

(2)  Why  are  drugs  dangerous?  How  do  we  know? 

(3)  How  do  we  know  certain  chugs  will  kill  certain  diseases? 

(4)  How  would  you  prove  germs  cause  disease? 

(5)  Where  do  we  get  smallpox  vaccine? 

(6)  Why  are  not  all  drugs  safe  to  use? 

(7)  Why  are  operations  on  blue  babies  necessary? 

(8)  How  would  you  have  your  surgeon  trained? 

(9)  Why  should  diabetics  owe  their  life  to  dogs? 

(10)  What  animal  was  used  to  perfect  the  iron  lung? 

(11)  What  training  do  veterinary  surgeons  need? 

(12)  In  what  way  do  animals  benefit  from  animal  experimentation? 

(13)  Why  were  there  fewer  deaths  from  wounds  in  World  War  11 
than  in  World  War  I? 

(14)  How  will  we  learn  if  atomic  medicine  can  serve  mankind? 

(15)  Are  cancer  research  and  heart  research  being  curtailed?  How? 
Why? 

b.  Problem  Situations 

(1)  Medical  progress  depends  upon  animal  experimentation 

(a)  How  could  you  prove  conclusively  that  the  frog  has  a 
heart? 


164 


DEPARTMENT  OF  PUBLIC  INSTRUCTION 


(b)  What  would  be  your  procedure  in  proving  that  a new 
drug  would  be  sale  for  humans? 

(c)  How  could  you  prove  that  protein  is  essential  to  dogs’  diets? 

(2)  A person  born  today  can  expect  to  live  19  years  longer  than 
in  1900 

(a)  Why  do  people  live  longer  today  than  in  1900? 

(b)  What  are  some  of  the  new  chemicals  used  in  prolonging 
life? 

(c)  Can  cancer  be  cured?  How  do  you  know? 

(3)  Imnnunization  protects  the  child  against  smallpox,  diphtheria, 
whooping  cough,  scarlet  fever,  etc. 

(a)  Why  is  vaccination  compulsory? 

(b)  How  is  vaccine  tested? 

(c)  What  is  the  Schick  Test?  Dick  Test? 

(4)  Countless  diseases  have  been  conquered  as  the  result  of  medical 
research 

(a)  Why  is  experimenting  on  humans  dangerous? 

(b)  Why  should  animals  first  be  used  to  test  drugs  and  new 
surgical  procedures? 

(5)  The  dog  is  the  only  animal  ivhich  can  be  used  in  certain  fields 
of  research  because  his  physiological  and  digestive  processes  are 
very  similar  to  those  of  man 

(a)  Ask  your  doctor  why  the  dog  had  to  be  used  in  perfecting 
the  blue  baby  operation. 

(b)  How  does  a dog’s  digestive  tract  differ  from  a bird’s? 

(c)  How  does  man’s  digestive  tract  differ  from  a cow’s? 

f.  Class  Activities 

(1)  Request  a physician  to  discuss  the  value  of  animal  experi- 
mentation to  medical  progress. 

(2)  yVssign  three  members  of  the  class  to  visit  the  hospital  laboratory 
and  to  report  its  function  to  the  class. 

(3)  Have  a delegation  interview  a dairyman  to  find  out  how  he 
protects  his  herd  from  diseases. 

(4)  Request  a local  veterinarian  to  discuss  how  animal  experi- 
mentation has  helped  animals. 

(5)  Assign  members  of  the  class  to  interview  a local  pharmacist  to 
find  out  how  he  knows  the  prescription  he  mixes  will  be  safe 
to  use. 

(6)  Assign  a member  of  the  class  to  write  to  one  of  the  medical 
schools  in  Pennsylvania  to  inquire  if  the  animals  they  use  in 
research  are  humanely  treated. 
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d.  Review 

Be  able  to  pronounce, 

infantile  paralysis 

diabetes 

beriberi 

surgical 

biological 

Vesalius 

Van  Leeuwenhoek 


spell,  and  use  correctly, 

morphine 
chemotherapy 
grafting 
Stader 
penicillin 
anesthesia 


the  following  words; . 

brucellosis 

mortality 

vivisection 

diabetics 

immunization 

veterinarian 


e.  Additional  Suggestions  for  Individual  Work 

(1)  Compare  the  circumstances  under  which  operations  were 
performed  in  colonial  times  with  the  present. 

(2)  Compare  the  incidence  of  smallpox  in  the  17th  Century  with 
that  in  the  20th  Century. 

(3)  List  as  many  reasons  as  possible  why  the  average  span  of  life 
has  been  increased  19  years  in  the  past  50  years. 

(4)  List  all  the  illnesses  each  member  of  your  family  has  had  during 
the  past  year.  List  opposite  each  illness,  the  drugs  or  surgery 
used  in  restoring  health.  Check  with  your  family  physician 
to  see  what  part  animal  experimentation  played  in  treating 
your  own  family. 

(5)  Ask  all  those  who  live  on  farms  to  list  the  diseases  that  have 
affected  their  stock  during  the  past  year.  What  treatments 
were  prescribed?  Were  any  perfected  through  animal  experi- 
mentation? 


f.  References: 

(1)  Smallwood,  W.  M.;  Reveley.  Ida  L.;  Bailey,  Guy  A.—Neu’  Biology,  New 
York;  Allyn  and  Bacon,  1934. 

(2)  Silverman,  Milton— Mag/c  i?i  a Bottle,  New  York;  The  Macmillan  Com- 
pany, 1948. 

* (3)  Scheele,  L.  A.,  Surgeon  General.  Care  of  the  Dog  Used  in  Medical  Re- 

search; Supplement  211,  Public  Health  Reports,  1949.  U.  S.  Government 
Printing  Office,  Washington,  D.  C.,  1949. 

* (4)  Animal  Studies,  National  Society  for  Medical  Research;  Chicago,  Illinois, 

1949. 

* (5)  From  606  to  Sulpha,  National  Society  for  ^fedical  Research;  Chicago, 

Illinois,  1949. 

* (6)  Which  Is  Your  Choice  ?,  National  Society  for  Medical  Research;  Chicago, 

Illinois,  1949. 

* (7)  85  Versus  8,  National  Society  for  Medical  Research;  Chicago,  Illinois,  1949. 

* (8)  Joslin,  Elliott  P.,  Doctors— Diabetes  and  Dogs;  Reprint  from  Hygeia,  Feb- 

ruary, 1937;  .American  Medical  .Association;  Chicago. 

* (9)  Blue  Baby  Research,  Reprint  from  lAfe,  March,  1949. 

*(10)  Manchester,  AAhlliam,  The  Great  Vivisection  Dog  Fight;  Reprint  from 
Look,  May,  1950. 

* Available  from  The  Medical  Society  of  the  State  of  Pennsylvania,  230  State  St.,  Harrisburg, 
Pa.,  free,  or  the  National  Society  for  Medical  Research,  25  East  Washington  St.,  Chicago  2, 
Illinois. 
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*(11)  Ivy,  A.  C.,  and  Zobel,  A.  F.,  Are  Animal  Experiments  Needed  ?;  Reprint 
from  American  Pharmaceutical  Association  Journal,  Vol.  7,  No.  9;  Septem- 
ber, 1946. 

*(12)  Cutler,  E.  C.,  M.  D.,  The  Debt  of  the  United  States  Army  Soldier  to  Ani- 
mal Investigation;  Reprint  from  Harvard  Medical  Alumni  Bulletin,  Vol. 
20,  No.  3;  April,  1946. 

*(13)  De  Voto,  Bernard,  The  Easy  Chair,  Reprint  from  Harper’s,  June,  1946. 
*(14)  Yahraes,  Herbert,  Science  Tries  You  Out  on  the  Dog;  Reprint  Popular 
Science,  February,  1949. 

* (15)  Harris,  A.  S.,  Medical  Progress  in  Danger— Please  Help;  Reprint  Academy 

of  Medicine  of  Cleveland;  May,  1947. 

* (16)  Wylie,  Philip,  A Peek  Inside  the  Antivivisectionists;  Reprint,  Off  My  Chest 

column;  November  9,  1946  and  December  4,  1946. 

*(17)  Harrison,  J.  W.,  Antivivisection  Propaganda  Handicaps  Science,  Reprint, 
Food-Drug-Cosmetic  Law  Quarterly;  September,  1947. 

g.  Visual  and  Auditory  Aids’ 

(1)  Films 

(a)  “Man’s  Greatest  Friend”  (MGM)  —10  minutes 

(b)  “They  Live  Again”  (MGM)— 10  minutes 

(c)  “One  Against  the  World”  (MGM)  —10  minutes 

(2)  Transcriptions 

“The  Story  Behind  the  Discovery” 

Thirteen  15-niinute  transcriptions 

1.  “Your  Life’s  Blood’’ 

2.  “The  Sheep  at  Melun’’ 

3.  “The  Invisible  Enemy” 

4.  “The  Cat  and  the  Mouse” 

5.  “Almost  Human” 

6.  “The  Gangster  and  the  Rodent” 

7.  “The  Perfect  Specimen  (R.  H.  factor)  ” 

8.  “The  Dog  He  Never  Had” 

9.  “The  Cow  and  the  Bell” 

10.  “A  Blow  to  the  Heart” 

11.  “The  Lucky  Accident” 

12.  “Two  Mad  Dogs” 

13.  “Bright  Red  Miracle” 

(3)  Posters 

Thanks  to  Animals— posters 
Series  of  12— (8 1/^"  x IT') 

7.  PROBABLE  OUTCOMES 

Attitudes 

(1)  An  appreciation  of  the  need  and  importance  of  medical  re- 
search. 

(2)  An  understanding  of  why  new  medical  discoveries  must  first  be 
tested  on  animals. 


pernicious  anemia 

Louis  Pasteur 

poliomyelitis 

asthma 

anesthesia 

cancer 

R.  H.  factor 

diabetes 

Jenner 

heart  surgery 

penicillin 

rabies 

sulphonamides 


^ Note : The  above  visual  and  auditory  aids  may  be  obtained  free  through  The  Medical  Society 
of  the  State  of  Pennsylvania,  230  State  St..  Harrisburg,  Pa. 
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(3)  A realization  that  animals  used  in  laboratories  are  humanely 
cared  for. 

(4)  That  only  5%  of  animals  used  in  experimental  work  are 
subjected  to  surgery. 

(5)  Medical  research  must  be  encouraged  to  continue  unhampered 
by  minority  groups  if  we  are  to  conquer  diseases  such  as  cancer, 
heart  disease,  poliomyelitis,  and  the  common  cold. 

8.  EVALUATION 

See  Chapter  IV  and  notes  in  the  introduction  to  this  section,  p.  129. 

Unit  IV— A Life  Problem  Unit 
HOW  CAN  WE  RAISE  PLANTS  IN  THE  ABSENCE  OF  SOIL? 

Overview  by  teacher  and  planning  with  pupils 

1.  OBJECTIVES 

a.  Central  Objective 

The  ability  to  raise  plants  by  hydroponics 

b.  Contributory  Objectives 

1.  Appreciation  of  the  value  of  raising  plants  by  hydroponics 

2.  Understanding  the  methods  of  hydroponics 

3.  Knowledge  of  the  construction  of  hydroponic  equipment 

4.  Skills  in  raising  the  plants 

5.  Knowledge  of  the  varieties  of  plants  suitable  for  hydroponics 
gardening 

c.  Indirect  Objectives 

1.  A desire  to  raise  one’s  own  plants  by  hydroponics 

2.  Appreciation  of  plant  development  and  growth  day  by  day 

3.  A desire  to  produce  sturdier  and  better  bearing  plants 

4.  Significance  of  hydroponics  in  the  present  world  food  shortage 

2.  PRESENTATION 

A home  is  never  quite  complete  unless  it  is  properly  landscaped.  A 
velvety  lawn,  well-placed  trees  and  shrubs,  and  artistically  planned 
flower  gardens  are  almost  as  necessary  as  the  house  itself.  Almost  every- 
one, at  some  time  or  other,  has  engaged  in  gardening. 

We  are  going  to  learn  about  a new  type  of  garden  you  can  all  make. 
The  flowers  and  vegetables  will  be  grown  by  hydroponics.  This  is  the 
art  of  growing  plants  without  soil.  Chemical  solutions  can  supply  the 
same  nutrients  that  are  supplied  by  the  soil.  Water  culture  was  prac- 
ticed at  least  260  years  ago. 

You  will  find  this  type  of  gardening  much  fun.  You  will  be  able  to 
carry  out  your  gardening  in  your  bedroom  window.  It  is  exciting  and 
satisfying  to  watch  your  plants  grow  from  seed  or  seedlings  to  the  stage 
of  maturity  where  they  serve  a useful  purpose.  Few  things  can  be 
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more  thrilling  or  more  satisfying  than  to  watch  carefully  and  nurture 
patiently  a flower  seed  from  the  day  you  plant  it  to  the  day  it  produces 
a beautiful  flower. 


3.  PRIOR  MASTERIES 

This  unit  presupposes  that  the  students  for  whom  it  is  intended  have 
had  a course  in  biology,  also  that  they  have  a fair  knowledge  of  garden- 
ing, chemical  terms,  chemicals,  and  manipulation  of  chemical  apparatus. 


4.  THE  PRETEST 

a.  What  does  the  word  “hydroponics”  mean  to  you? 

b.  What  type  of  gardening  have  you  done? 

c.  Have  you  ever  consulted  a seed  catalog? 

d.  In  the  following  list,  check  the  vegetables,  fruits,  and  flowers  you 
like.  Double  check  those  you  think  you  would  enjoy  raising. 


Vegetables  and  Fruits 


Flowers 


(1)  tomatoes 

(2)  potatoes 

(3)  corn 

(4)  beans  (lima) 

(5)  celery 


(6)  lettuce 

(7)  cucumbers 

(8)  string  beans 

(9)  cantaloupe 

(10)  watermelon 


(1)  carnation 

(2)  ageratum 

(3)  azalea 

(4)  lily  of  the 
valley 

(5)  rhododendron 

(6)  speedwell 


(7)  gardenia 

(8)  Bermuda  lilies 

(9)  snapdragons 

(10)  sweet  peas 

(11)  columbine 

(12)  calla  lilies 


e.  Have  you  ever  read  material  on  the  subject  of  soilless  culture?  If 
you  have,  write  a brief  summary  of  your  knowledge  of  it. 

f.  Write  a brief  explanation  on  the  construction  of  a “growing  flat.” 


5.  ACTIVITIES  DESIGNED  TO  DEVELOP  EACH  OE  THE  CONTRIBUl  ORY 
OBJECTIVES  IN  ITS  RELATION  TO  THE  CENTRAL  OBJECTIVE 

a.  Contributory  Objective  1 — Appreciation  of  the  value  of  raisittg  plants 

by  hydroponics 

(1)  Pretest 

(a)  Is  it  more  economical  to  use  chemical  nutrients  than  or- 
ganic fertilizers? 

(b)  Is  the  food  produced  of  better  cjuality? 

(c)  Can  the  culture  be  carried  on  at  home? 

(d)  Is  there  better  control  over  insect  pests  and  diseases? 

(e)  Do  jrlants  grow  better  by  hydroponics? 

(2)  Learning  Activities 

(a)  Read  several  reference  books  on  the  value  of  raising  plants 
by  hydroponics.  After  you  have  completed  the  readings, 
ask  yourself  the  following  cpiestions: 

(1)  Of  what  value  is  hydroponics  to  the  average  person? 

(2)  Of  what  value  is  hydroponics  to  the  community? 

(3)  How  has  hydroponics  aided  in  solving  the  world’s 
food  shortage? 

(b)  Contact  several  growers  and  obtain  their  opinions. 


SCOPE  AND  SEQUENCE  OF  SCIENCE  TEACHING 


169 


(3)  Check  Test  (written) 

(a)  Secure  pretest  1 and  complete  it  in  the  light  of  what  you 

have  learned.  ^ 

(b)  Mark  the  following  statements  true  (T)  or  false  (F)  : 

(1)  ( ) Foods  can  be  grown  everywhere,  in  or  out  of 

season,  by  hydroponics. 

(2)  ( ) Generally,  larger  yield  can  be  obtained  by  hy- 

droponics than  by  soil  culture. 

(3)  ( ) Several  crops  can  be  grown  during  one  year. 

(4)  ( ) Poorer  quality  of  food  is  produced  by  hydro- 

ponics. 

(5)  ( ) Hydroponics  has  not  aided  elimination  of  food 

shortage  throughout  the  world. 

b.  Contributory  Objective  2 — Understanding  the  methods  of  raising  the 

plants 

(1)  Pretest 

(a)  Name  the  methods  employed. 

(b)  What  is  the  outstanding  feature  of  each  one? 

(c)  What  precautions  must  be  employed? 

(2)  Learning  Activities 

(a)  Consult  several  texts,  bulletins,  and  periodicals  on  hydro- 
ponics. 

(b)  Briefly  outline  the  various  methods  and  the  character- 
istics of  each  which  distinguish  it  from  the  others. 

(c)  Notice  the  construction  of  the  tanks  used  in  each. 

(d)  Which  one  of  these  methods  do  you  intend  to  follow  in 
your  unit? 

(e)  Develop  the  plan  for  the  method  you  expect  to  use. 

(f)  During  the  week  end  visit  a hydroponic  hothouse,  and 
inquire  as  to  their  method  or  methods. 

(3)  Check  Test  (written) 

(a)  Answer  questions  1 and  2 of  the  pretest.  What  changes 
would  you  make? 

(b)  Is  it  imperative  that  precautions  must  be  employed  iu  the 
different  methods?  Give  opinions. 

(c)  What  significance  does  construction  of  the  tank  have  upon 
the  method  of  raising  the  plants  by  hydroponics? 

(d)  Does  the  type  of  plant  determine  the  method  to  l>e  used? 
Explain  fully. 
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c.  Contributory  Objective  3—  Knowledge  of  the  construction  of  hydro- 
ponic equipment 


(1)  Pretest 

(a)  Give  a summary  of  construction  and  equipment  for  large 
scale  operation  such  as  would  be  used  in  a 30'  x 200' 
hothouse. 

(b)  Is  it  necessary  to  build  a glass  hothouse  over  the  hydro- 
ponics tanks? 

(c)  What  is  the  equipment  needed  for  a small  scale  operation? 

(d)  What  equipment  would  you  need  or  need  to  make  in 
order  to  begin  your  unit? 


(2)  Learning  Activities 

(a)  Look  up  plans  in  a laboratory  manual  and  obtain  the 
dimensions  for  the  construction  of  the  tank.  If  it  can 
be  made  of  wood,  contact  the  lumber  company  and  obtain 
the  type  of  wood  that  is  required. 

(b)  Ask  permission  of  your  manual  training  teacher  to  con- 
struct the  tank.  Make  sure  all  seams  are  watertight. 

(c)  Secure  your  filler  material  and  sterilize  it  by  heating  with 
steam  or  baking  it  in  an  oven. 

(d)  Visit  a commercial  hydroponic  hothouse  and  note  the 
plumbing,  electric  wiring,  thermostatic  controls,  ventilat- 
ing system,  pumping  system.  Ask  the  operator  whether 
sunlight  is  necessary. 

(3)  Check  Test  (written) 

(a)  Answer  all  the  questions  in  the  pretest. 

(b)  Give  a detailed  explanation  of  the  construction. 

(c)  Would  it  be  proper  to  use  flower  pots,  jars,  cups,  etc., 
for  tanks?  Explain. 

(d)  What  type  of  filler  will  you  use  for  your  unit.  Explain 
fully. 

d.  Contributory  Objective  4 — Skills  in  raising  the  plants 

(1)  Pretest  (none  is  needed) 

(2)  Learning  Activities 

(a)  Consult  several  books  and  obtain  the  chemical  ingredients 
of  the  nutrient  solutions  that  are  used  in  the  hydroponic 
experiment.  Catalog  each  type  and  mark  down  the 
weights  of  substances  required. 

(b)  Select  the  nutrient  best  suited  for  your  type  of  plants. 
Obtain  the  chemical  from  the  stock  shelf  and  weigh  out 
the  necessary  chemicals.  Follow  directions  for  mixing  as 
prescribed  by  your  recipe. 
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(c)  Study  various  methods  of  supporting  your  plants  by  visit- 
ing ordinary  hothouses  in  your  community.  Notice 
whether  they  use  wires,  strings,  sticks,  etc.  Select  method 
you  would  employ  in  supporting  the  plants. 

(d)  Visit  a hydroponic  hothouse  and  select  the  best  pro- 
cedure of  feeding  nutrients  to  your  plants.  Record  the 
frequency  of  daily  feeding. 

(e)  Understand  well  the  procedure  and  manipulations  of  test- 
ing your  food  nutrients.  Consult  textbooks  on  this  phase 
of  the  work. 


(3)  Check  Test  (practical) 

The  instructor  will  himself  check  the  types  of  chemicals 
used  by  having  the  student  display  each  chemical  before  he 
mixes  his  solutions.  Unless  proper  procedure  is  used  the 
addition  of  the  chemical  at  the  wrong  moment  may  form  an 
insoluble  precipitate,  thus  indicating  lack  of  care  in  following 
the  order  of  mixing. 

After  the  plants  are  growing,  the  instructor  can  check  the 
support  method  used  and  how  neatly  and  well  the  support 
was  accomplished. 

The  instructor  will  watch  several  times  the  act  of  feeding 
the  plants  by  the  learner.  Any  correction  can  be  made  at  this 
point  in  the  procedure.  At  this  point  also  the  instructor  can 
check  the  student’s  testing  ability  and  manipulation  of  testing 
equipment  and  the  results  obtained. 


e.  Contributory  Objective  5 — Knowledge  of  the  varieties  of  plants  suit- 
able for  hydroponic  gardening 


(1)  Pretest 

(a)  "UTat  is  meant  by  the  pH  value? 

(b)  Of  what  importance  is  the  pH  number  in  selection  of  the 
type  of  plants  that  can  be  grown? 

(c)  Have  you  consulted  a seed  catalog  and  chosen  the  seeds 
you  want  to  plant? 

(d)  How  long  must  the  plants  grow  and  develop  before  a 
flower  or  a fruit  or  a vegetable  is  produced? 


(2)  Learning  Activities 

(a)  Study  books  on  the  type  of  plants  that  have  been  raised 
successfully  by  hydroponics.  Look  for  the  information  of 
pH  value  and  its  importance  in  the  selection  of  the  right 
type  of  plant  to  be  raised. 

(b)  Visit  your  local  hydroponic  hothouse  and  inquire  as  to 
the  use  of  the  pH  value  in  raising  plants.  Check  to  see 
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whether  there  are  plants  there  which  you  would  like  to 
raise. 

(c)  Ask  adults  whether  they  ever  used  pH  values  in  ordinary 
home  gardening. 


(3) 


Check  Test  (written) 

(a)  Dehne  pH  value. 

(b)  Does  the  pH  value  determine  the  ingredients  ol  the  nutri- 
ent solution? 


(c)  Here  are  listed  the  flowers,  fruits,  and  vegetables.  Place 
them  under  the  correct  pH  value  rating.  The  ratings 
are  pH  4-5,  pH  5-6,  pH  6-7. 


ageratum 

azalea 

lily  of  the  valley 
potato 

rhododendron 

speedwell 

gardenia 

columbine 

coreopsis 

gaillardia 


lima  beans 

candytuft 

lupin 

watermelon 
calla  lilies 
Bermuda  lilies 
snapdragons 
chrysanthemum 
nasturtium 
sweet  peas 


alyssum 

anemone 

aster 

string  beans 

begonia 

calendula 

cantaloupe 

petunia 

tomato 

carnation 


6.  FINAL  EXAMINATION  OF  THE  CENTRAL  OBJECTIVE- 
(This  is  a written  test.) 

This  test  is  to  be  given  upon  the  maturation  of  the  plant  or  plants 
grown  by  the  learner.  Its  purpose  is  to  measure  attainment  of  the 
central  objective  of  the  unit,  viz.,  ability  to  raise  plants  by  hydro- 
ponics. 

Part  A. 


Following  is  a list  of  true  or  false  statements;  mark  true  statements  with 
a T and  false  statements  with  an  F. 

1.  Hydroponics  is  a method  of  growing  plants  in  water  to  which 

chemicals  are  added,  rather  than  soil. 

2.  Plants  grown  by  hydroponics  are  more  sturdy  and  bear  “quality” 

products. 

3.  Aeration  of  the  food  nutrient  is  unnecessary. 

4.  Plants  are  raised  with  great  difhculty  in  chemical  solutions. 

5. __When  mixing  the  nutrient  solution  any  cpiantity  of  the  chemical 

may  be  used  without  harm. 

6.  The  pH  factor  is  of  little  significance  in  the  raising  of  plants. 

7.  Plants  grow  very  rapidly  when  raised  on  chemical  nutrients. 

8.  Air  and  sunlight  are  not  recpiired  by  hydroponically  raised 

plants. 

9.  Almost  any  type  of  hollow  ware  may  be  used  as  a hydroponic 

tank. 

10 It  is  more  economical  to  raise  plants  by  chemical  soils. 
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Part  B. 

1.  Briefly  summarize  the  following  methods  of  hydroponics: 

a.  Old  New  Jersey  Method. 

VV.  F.  Gericke’s  Method 
Present  New  Jersey  Method 
The  Withrow  Method 

b.  Which  method  did  you  select,  and  why? 

2.  Give  a detailed  discussion  on  the  following: 

a.  Chemical  composition  by  weight  of  your  nutrient  solution. 

b.  How  is  feeding  of  the  plant  controlled? 

c.  Precautions  in  making  and  using  nutrient  solutions. 

d.  How  are  plants  supported? 

3.  Explain  the  construction  of  your  hydroponic  tank. 

Upon  completion  of  written  test,  the  instructor  goes  with  the  student 
and  examines  the  unit  hydroponic  garden  to  check  the  final  flower, 
vegetable,  or  fruit  product. 
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“Greenhouse  Culture  of  Carnations  in  Sand,”  Biekart  and  Connors.  New  Jersey  Agri- 
culture Experiment  Station  Bulletin  58S,  1935. 

“•Nutrient  Solution  Methods  of  Greenhouse  Crop  Production,”  Withrow  and  Biebel. 
Purdue  University  Agriculture  Experiment  Station  Circular  2)2.  Revised,  1938. 
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“Experiments  in  Water  Cultures,”  Hoagland  and  Arnon.  University  of  California 
Agriculture  Experiment  Station,  1938. 

United  States  Department  of  Agriculture  Technical  Bulletin  340,  J.  E.  McMurtrey, 
1933. 

“Methods  of  Growing  Plants  in  Solution  and  Sand  Cultures,”  Shive  and  Robbins. 
New  Jersey  Agriculture  Experiment  Station  Bulletin  636,  1937. 

“The  Use  of  Rapid  Tests  on  Soils  and  Plants  as  Aids  to  Determining  Eertilizer  Needs,” 
Thornton,  Conner,  and  Fraser.  Purdue  University  Agriculture  Experiment  Station 
Bulletin  204,  1936. 

“The  Water  Culture  Method  for  Growing  Plants  without  Soil,”  Hoagland  and  Arnon. 
University  of  California  Agriculture  Experiment  Station  Bulletin  347,  1938. 

Potash  Starvation  in  the  Greenhouse,  I.  C.  Hoffman.  Ohio  Agricultural  Experiment 
Station,  Wooster,  Ohio. 

Tomatoes  and  Cucumbers  Reveal  Diet  Needs,  I.  C.  Hoffman.  Ohio  Agricultural 
Experiment  Station,  Wooster,  Ohio. 

Elower  Symptoms  War7i  of  Food  Deficiency,  E.  W.  McElwee.  Alabama  Polytechnic 
Institute. 

Chiysanthemums  Thrive  in  Sand  Cultures,  Hill  and  Davis.  Central  Experimental 
Farm,  Ottawa,  Ontario,  Canada. 

Groiving  Plants  in  Water  Solutions,  E.  E.  DeTurk.  University  of  Illinois  Depart- 
ment of  Agronomy,  Agricultural  Experiment  Station. 

Bibliography  of  References  to  the  Literature  on  “The  Minor  Elements  and  Their 
Relation  to  Plant  and  Animal  Nutrition,’’  L.  G.  Willis.  Chilean  Nitrate  Educa- 
tional Bureau,  Inc.,  New  York. 

Gravel  and  Cinder  Culture  for  Greenhouse  Flowering  Crops,  Arnold  Wagner.  Ohio 
State  University  Division  of  Floriculture,  1939. 

Various  mimeographed  Bulletins  by  Roses  Incorporated,  published  in  Columbus, 
Ohio.  See  especially  Bulletin  7,  June,  1938,  and  Bulletin  11,  October,  1938. 

Ohio  Florists  Association  Monthly  Bulletin  95,  August,  1937;  and  Bulletin  106,  July, 
1938. 

Chemical  Gardens  and  How  to  Care  for  Them,  Chemical  Garden  Company,  Evanston, 
Illinois,  1938. 

Tank  Farming,  Roy  V.  Ingram.  California  Tank  Farming  Study  Group,  Los  Angeles, 
California,  1937. 

Periodicals 

“Heating  of  Liquid  Culture  Media  for  Tomato  Production,”  Gericke  and  Tavernetti. 
Agricultural  Engineering,  17;  141-2,  April,  1936. 

“Crops  Grown  without  Soil,”  American  Fertilizer,  April  13,  1936. 

“A  New  Three  Salt  Solution  for  Plant  Cultures,”  Livingston  and  Tottingham.  Ameri- 
can Journal  of  Botany,  5;  337-46,  1918. 

“Changes  in  Hydrogen  Ion  Concentration  of  Culture  Solutions  Containing  Nitrate  and 
Ammonium  Nitrogen,”  Trelease  and  Trelease.  American  Journal  of  Botany,  22; 
520-42,  1935. 

“The  Possibilities  of  Sand  Culture  for  Research  and  Commercial  Work  in  Horticul- 
ture,” W.  R.  Robbins.  American  Society  of  Horticultural  Science. 

“Constant  Rates  of  Continuous  Solution  Renewal  for  Plants  in  Water  Cultures,”  Shive 
and  Stahl.  Botanical  Gazette,  84;  317-23,  1927. 

“Effects  of  Nutrient  Concentration  on  Anatomy,  Metabolism,  and  Bud  Abscission  of 
Sweet  Peas,”  Nightingale  and  Farnham.  Botanical  Gazette,  97;  477-517,  1936. 

“Experiments  with  a New  Greenhouse  Bench,”  Garnham  and  Kreuger.  Florists  Re- 
view, June  11,  1938. 

“Experiments  in  Adapting  Water  Culture  to  Commercial  Crops,”  Gericke.  Florists 
Review,  October  22,  1936. 

"Growing  Plants  in  Nutrient  Solutions,”  J.  W.  Shive.  Flower  Grower,  March,  1938. 
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“Automatically  Operated  Sand  Culture  Equipment,”  F.  M.  Eaton.  Journal  of  Agri- 
cultural Research,  53;  433-44,  1936. 

“A  Subirrigation  Method  of  Supplying  Nutrients  to  Plants  Growing  under  Commer- 
cial and  Experimental  Conditions,”  Withrow  and  Biehel.  Journal  of  Agricultural 
Research,  53;  693-702,  1936. 

“You  Can  Try  It  Yourself,  Vegetable  Growing  without  Soil,”  F.  J.  Taylor.  Saturday 
Evening  Post,  211;  14-15,  August  20,  1938. 

“Plants  by  Liquid  Culture,”  Greaves  and  Carpenter  (formulas,  instruction,  and  sug- 
gestions). Scie7itific  American,  160;  5-7,  January,  1939. 

Unit  XV— A Resource  Unit 

HOW  CAN  I AVOID  STIMULANTS  AND  INJURIOUS  DRUGS? 

1.  OBJECTIVES 

a.  Both  teachers  and  pupils  should  obtain  a basic  background  of 
knowledge  concerning  the  nature  of  alcohol,  kinds,  sources,  and 
uses,  as  well  as  the  history  of  the  alcohol  problem  itself.  They 
should: 

(1)  Develop  an  understanding  of  the  effects  of  alcohol  upon  the 
human  body,  brain,  glands,  the  general  health,  and  upon  the 
total  personality. 

(2)  Develop  an  understanding  of  how  the  function  of  parts  of  the 
brain  affects  the  function  of  the  corresponding  parts  of  the 
body.  Since  alcohol  is  an  anesthetic,  it  therefore  affects  the 
efficiency,  the  body  function,  and  the  coordination. 

(3)  Understand  the  value  of  certain  inhibitions— reason,  judgment, 
and  self-control,  which  are  released  by  alcohol  anesthesia.  This 
allows  unrestrained  emotional  and  physical  behavior. 

(4)  While  acquaintance  with  the  various  issues  involved  in  the 
public  health  is  being  acquired,  realize  that  alcoholism  is  a 
major  public  health  problem. 

(5)  Develop  a sense  of  pride  in  possessing  vigorous  physical  and 
mental  health. 

They  should  also: 

Realize  why  people  drink,  and  that  drinking  is  often  symptomatic 
of  personal  inadequacy. 

Understand  that  individual  rights  usually  terminate  wherever  and 
whenever  group  rights  are  violated.  Learn  to  lay  aside  selfish  de- 
sires for  the  good  of  the  entire  group. 

Develop  the  ability  to  make  critical  evaluations  and  personal  choices 
and  assume  responsibility  for  one’s  own  welfare  and  for  the  well- 
being of  others. 

Acquire  the  ability  to  get  along  well  with  other  people. 

Acquire  information,  habits,  and  skills  that  will  become  a part  of  a 
functioning  adult. 

Create  the  desire  to  become  a clean  and  wholesome  indivitlual. 
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Develop  a willingness  to  act  upon  the  finding  of  scientific  facts. 
Recognize  the  foods  and  drinks  that  are  definitely  known  to  be 
wholesome  and  healthful. 

Learn  to  measure  the  nature  and  force  of  advertising  methods  and 
the  social  acceptance  of  the  use  of  beverages  containing  alcohol  so 
that  they  will  be  able  to  make  intelligent  personal  decisions, 
l.earn  how  social,  economic,  and  political  values  have  been  his- 
torically confused  by  the  use  of,  and  trade  in,  beverages  containing 
alcohol. 

Cireate  a desire  on  the  part  of  the  pupils  to  develop  personal,  family, 
and  groipr  happiness  growing  out  of  the  tiseful  employment  of  mind 
and  body. 

Develop  personal  and  group  responsibility  to  problems  resulting 
from  the  use  of  beverage  alcohol. 

2.  OVERVIEW 

a.  Historical  facts  as  necessary  orientation — Spaulding  and  Montague’s 
Alcohol  in  Human  Affairs 

(1)  History  of  drinking 

(2)  Origin  of  custom 

Religious 

Social 

Economic 

Substitute  for  water 

(.^)  Origin  of  health  instruction  in  the  public  schools  as  a result  ol 
insistence  ipjon  alcohol  and  narcotics  education 

h.  The  nature  of  alcohol — kinds,  sources,  and  uses  (chemical  and  com- 
mercial) 

Ethyl  alcohol  (found  in  beverages)  ; 

A depressant,  not  a stimulant 

c.  Effects  of  alcohol  upon  the  human  hody 

(1)  Ingestion  vs.  digestion  (absorption  undigested) 

Metabolism— liver  mostly— and  elimination.  (Yale  Lay  Sup 
plernent  :jp  7.  Quarterly  Journal  of  Studies  on  Alcohol) 

(2)  Tolerance 

Variation  of  tolerance  in  persons 

No  increase  of  tolerance  because  a person  uses  alcohol 
Alcohol  differs  from  narcotics:  one  can  increase  tolerance 
to  the  latter 

(.8)  Alcohol  and  nutrition 

Most  diseases  resulting  from  the  use  of  alcohol  are  nutri 
tional  deficiency  diseases 

The  minimum  ratio  between  calories  (1600  to  one  pint  ol 
whiskey)  and  vitamin  of  which  none  is  found  in 
alcohol  is  1600/2700  or  1.7.  Yale  Lay  Supplement  Jf:S 
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(4)  Alcohol  and  its  effects  on  body  tissues 

Liver 
Stomach 
Mouth,  etc. 

Yale  Lay  Supplement  pj:8.  Haggard  and  JeDiuek,  Alcohol 
Explored,  Chapters  3 and  6 

(5)  Alcohol  and  effects  on  body  functions: 

Circulation  Temperature 

Respiration  Digestion 

Coordination.  (Haggard  and  Jellinek,  Alcohol  Explored, 
Chapter  4.) 

(6)  Alcohol  and  effects  on  disease  resistance  (Haggard  and 

Jellinek,  Alcohol  Explored,  pages  33,  192,  194.) 

(7)  Alcohol  contributing  to  causes  of  bodily  disorders 

Diseased  conditions  due  to  malnutrition  (beriberi,  pellagra) 
Diseases  contracted  through  lack  of  judgment  (tuberculosis, 
venereal  diseases) 

Alcoholism  as  an  “illness” 

Delirium  tremens— Yrt/e  Lay  Supplement  :^5 

(8)  Alcohol  and  Heredity— (Yale  Lay  Supplement  :^5) 

(9)  Alcohol  and  Longevity— (Yale  Lay  Suppleme7it^6) 

(10)  Effect  of  alcohol  on  glands,  organs,  and  muscles 

Pituitary  gland  overactive 

Stomach,  intestines,  kidneys,  liver,  heart,  lungs,  and  blood 
vessels.  (Haggard  and  Jellinek,  Alcohol  Explored) 

d.  Effects  of  alcohol  on  the  hrain  and  nervous  system.  Reasons  for  drinking: 

(1)  Social  pressure 

Advertising— Tradition— Because  others  drink 

(2)  Mistaken  ideas  of  stimulation,  relaxation,  and  medicine 
Alcohol  belongs  to  the  class  of  habit-forming  drugs  that  tend 

to  create  a craving  for  increasing  amounts  of  alcohol 

(3)  Emotional  immaturity 

Escape  from  reality  or  boredom 

Escape  from  discomfort  (mental  and  physical) 

e.  Effects  of  drinking  (Yale  Lay  Supplement  #11) 

(1)  Higher  mental  processes 

Incapacitated  in  the  reverse  order  of  their  development 
The  drinker  becomes  intoxicated  in  mind  before  he 
becomes  intoxicated  in  body.  This  predisposes  him  to 
accidents  before  he  is  visibly  intoxicated 
Learning  and  inhibitions— self-controls 
Associative  processes,  reasoning,  and  judgment 
Memory  and  caution 
Self-criticism,  conscience 
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(2)  General  and  subjective 

False  sense  of  well-being 
False  sense  of  stimulation 

(3)  Sensory  and  perceptual 

Vision— depth,  breadth,  acuity,  and  color 
Hearing— dulled 
Touch— less  sensitive 

(4)  Psychomotor 

Reaction  time 
Endurance 
Sex  behavior 

Working  efficiency  (automobile  driving,  marksmanship,  and 
school  achievement) 

f.  The  psychosomatic  stage  of  drinking 

(1)  Hang-over  stage— A form  of  illness 

(2)  Alcoholism  and  alcohol  addiction  (stage  reached  when  the 
person  must  drink  to  get  over  the  effects  of  drinking) 

Many  drinkers  become  addicted  (no  way  of  predicting  with 
certainty) 

Reasons  for  alcohol  addiction 
Psychological 
Physiological 
Help  for  the  alcoholic 
Alcoholics  Anonymous  ~ 

Other  means  of  therapy 

g.  Effects  of  drinking  on  society 

(1)  The  home  and  family 

Emotional  insecurity,  frustration,  and  turmoil 
Infidelity  and  divorce 
Delinquency,  parental  and  child 
Lowering  of  economic  standards  and  poverty 

(2)  Social  calamities  and  their  comparative  costs 

Crime— murder,  manslaughter,  and  sex  crimes 

Industrial  inefficiency 

Traffic  and  other  kinds  of  accidents 

(3)  Comparative  economic  values 

Costs  of  alcohol  vs.  costs  of  education  and  religion 
Costs  of  mental  and  alcoholic  institutions 
Costs  of  liquor  advertising— an  analysis  of  its  claims 
Increased  costs  of  police  protection,  jails,  etc.,  resulting  from 
use  of  alcohol 
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(4)  Social  control  of  drinking 
State  and  local  laws 

Religious  and  family  controls  (ancient  and  modern) 
Personal  integration  when  attained  by  the  individual, 
renders  alcohol  unnecessary  and  personally  objectionable 

h.  The  conservation  of  our  human  resources 

The  use  of  beverages  containing  alcohol  has  presented  unsolved 
problems  to  society  at  various  times  and  levels 

(1)  History— the  eighteenth  and  twenty-first  amendments 

(2)  Problems  of  democracy— state  laws  concerning  alcohol 

(3)  General  social  problems 

Alcoholism  Crime 

Mortality  Disease 

Accidents  Economic  confusion  of  values 

(4)  The  nation’s  drink  bill  vs.  expenditures  for  schools,  churches, 
hospitals,  and  charity 

(5)  Alcohol  as  a factor  in  the  decline  and  fall  of  nations 

(6)  Alcohol  and  social  reform  movements  in  American  history 

(7)  Alcohol  in  the  reduction  of  the  workingman’s  efficiency  during 
the  Industrial  Revolution 

(8)  The  laxity  of  law  enforcement  in  the  20’s 

3.  SUGGESTED  TOPICS  FOR  INVESTIGATION  BY  STUDENTS 

a.  Reasons  for  drinking  involve  some  knowledge  of  nearly  every  aspect 
of  problems  of  alcohol 

b.  How  American  ideas  about  the  effects  on  health  of  using  alcoholic 
beverages  have  changed  during  the  last  century  and  a half 

c.  Popular  fallacies  about  alcohol  which  have  come  down  through 
tradition 

d.  The  bases  of  advertising  of  alcoholic  beverages 

e.  Alcoholism  as  a jrublic  health  matter 

f.  Popular  attitudes  toward  the  alcoholic  today  compared  with  those 
of  half  a century  ago 

g.  Is  sentencing  the  alcoholic  to  jail  an  adctiuate  form  of  treatment? 

h.  Types  of  people  who  become  alcoholics 

i.  T he  costs  of  alcoholism 

j.  Traffic  accidents  resulting  from  intoxication 

k.  Does  the  use  of  alcohol  contribute  to  accomplishment  in  the  arts 
and  sciences? 

l.  Alcohol  and  athletics 

m.  Total  abstinence 

n.  Is  drinking  justified  for  a person  who  knows  when  to  stop? 

o.  Systems  of  licensing  and  control 

p.  Why  are  strict  regulations  governing  conditions  of  the  manufacture 
and  sale  of  alcoholic  beverages  necessary? 
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q.  Describe  the  system  of  licensing  used  in  Pennsylvania 

r.  By  what  methods  can  popular  acceptance  and  support  of  effective 
control  measures  be  encouraged? 

s.  Public  opinion 

t.  Should  there  be  an  agency  not  sponsored  by  “wet”  and  “dry” 
groups  to  circulate  information  and  encourage  public  resjaonsi- 
bility  about  the  use  of  alcoholic  beverages? 

u.  Does  the  social  use  of  alcoholic  beverages  make  a constructive  con- 
tribution to  society? 

4.  siic,c;EsrEi)  classroom  activities 

a.  Show  motion  pictures  and  slides  on  alcohol 

b.  Collect  newspaper  clippings  about  accidents  and  deaths  due  to 
alcohol 

c.  Secure  information  from  the  local  police  department  on  the 
number  of  automobile  accidents  resulting  from  intoxication 

tl.  Spend  at  least  one  class  period  on  advertising  materials  of  the 
liquor  industry  and  compare  them  with  the  news  items  showing 
the  effect  of  the  use  of  alcohol 

e.  Find  out  the  number  of  drivers’  licenses  revoked  annually  in  the 
State  because  of  drinking 

f.  Collect  statistics  on  the  number  of  automobile  accidents  resulting 
from  drinking  drivers  and  drunken  pedestrians 

g.  Make  newspaper  reports  on  misconchict,  such  as  delinquency  and 
criminality,  in  which  drinking  was  a factor 

h.  Discuss  such  expressions  as  (a)  “If  you  drink,  don’t  drive;  and  if 
you  drive,  don’t  drink.”  (b)  “Some  people  should  not  drink.” 

i.  Discuss  the  rules  and  regulations  of  railroads,  industries,  and  air- 
plane transport  lines  with  respect  to  the  use  of  alcoholic  beverages 
by  their  employes 

j.  Make  posters,  charts,  and  graphs  to  show  healthful  foods  and 
drinks 

k.  Dramatize  stories  about  the  effect  of  the  use  of  alcohol 

l.  Choose  nurses,  doctors,  vocational  home  economics  teacher, 
insurance  men,  and  officers  of  the  law  to  address  the  class  after 
explaining  the  aims  of  the  course 

m.  Conduct  suitable  discussions  of  the  round-table  type  about  the  ef- 
fects of  alcohol,  tobacco,  and  other  habit-forming  efrugs  upon  the 
human  hotly 

n.  Fiiul  out  from  users  of  tobacco  and  alcohol  what  amount  of  money 
they  spend  weekly  for  tobacco  and  alcohol 

o.  List  (juotations  by  noted  persons  relative  to  the  need  for  abstaining 
from  the  use  of  alcohol,  tobacco,  and  other  habit-forming  drugs 

]i.  Find  out  what  noted  coaches  of  athletic  sports  have  to  say  about 
the  use  of  alcohol  by  the  members  of  the  team 
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5.  REFERENCES 

For  Teachers 

Alcohol,  Science  and  Society,  Quarterly  Journal  on  Alcohol  Studies,  New  Haxcii,  Clonii.. 
1945. 

Alcohol  Explored.  Haggard  and  Jellinek.  Houl)leday,  Doran  and  Co.,  Garden  Cilv, 
New  York,  1942. 

Alcohol:  Its  Effects  on  Man,  Haven  Emerson.  D.  .\ppleton-CenUirv  Co.,  New  York, 
1934. 

Alcohol  and  Human  Affairs,  Spaulding  and  Montague.  W'orld  Book  Co.,  Yonkcrs-on- 
the-Hudson,  New  York. 

Alcohol  and  Social  Responsibility,  McCarthy  and  Douglass.  Thomas  Y.  Crowell  Co., 
New  York,  1949. 

Alcohol  Addiction  and  Chronic  Alcoholism,  Jellinek.  Yale  E'niversity  Press,  New 
Haven,  Conn.,  1942. 

The  Amazing  Story  of  Repeal,  Fletcher  Dobvns.  'W’illett,  Clark  and  Co.,  Netv  York, 
1940. 

The  Psychology  of  Drunkenness,  .\lbion  Roy  King.  Hawkeye-Record  Press,  Mt.  ^’ernon, 
Iowa,  1943. 

1 he  Alcohol  Problem  Visualized.  The  National  Forum.  417  S.  Dearborn  Street,  Chi- 
cago, Illinois. 

What  About  Alcohol?  Bogen  and  Heisev.  Los  .\ngeles  Press,  Los  .\ngcles,  California. 

What  Price  Alcohol?  Robert  S.  Carroll.  The  Macmillan  Companv,  New  York,  1941, 

It’s  Smarter  Not  to  Drink,  Seliger.  School  and  College  Service,  Station  B.,  Columbus, 
Ohio. 

For  Pupils 

1.  Alcohol  Talks  from  the  Eaboratory,  Hamilin.  1949  IValtham  Road,  Columbus  12. 
Ohio. 

2.  It’s  Smarter  Not  to  Drink,  Seliger.  School  and  College  Service,  Station  B.,  Columbus, 
Ohio. 

3.  It’s  Up  to  You,  Hiltner.  .Association  Press.  New  York. 

4.  The  Alcohol  Problem  Visualized,  National  Forum.  Chicago.  Illinois. 

5.  Alcoholfax.  Allied  Youth.  1709  M Street,  N.  AT.,  AVashington  6,  D.  C. 

6.  International  Student  of  Liquor  in  Life  Today  (periodical)  , Room  408,  12  North 
Third  Street,  Columbus  13,  Ohio. 

7.  Students’  Manual,  companion  to  McCarthy  and  Douglass’  Alcohol  and  Social  Re- 
sponsibility (soon  to  be  published)  . 

8.  A Girl  Grows  Up  (Chapter  7)  , Ruth  Fetter.  McC.raw-Hill  Companv,  Inc..  1948. 

9.  A Boy  Grows  Up  (Chapter  13)  , H.  McKown.  McGraw-Hill  Compant . Inc.,  1949. 


Unit  XVT 

HUMANE  EDUCATION 

1.  OA^ERVIEAV  BY  TEACHER  AND  PLANNING  AVLLH  PUPILS 

A major  study  of  conservation  with  an  outlook  to  the  future  of 
man’s  well-being  as  well  as  that  of  the  creature  Avorld  should  become 
a motivating  influence  in  cultivating  the  democratic  Avay  of  life. 

2.  LEARNING  ACTIVITIES 

a.  Extinction 

A study  of  the  disappearance  of  species  or  forms  of  life  from  the 
face  of  the  earth  is  both  enlightening  and  inspiring.  Humane 
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considerations  will  take  on  a new  lease  of  interest.  The  high 
school  student  will  profit  by  special  assignment  for  available  in- 
formation through  geological  studies.  Nature  has  written  these 
records  with  imprints  of  permanence  and  accuracy  more  reliable 
than  the  more  modern  recording  in  books  and  libraries.  Such 
a study  can  be  followed  advantageously  by  more  modern  analysis 
of  trends  of  life  showing  gradual  elimination  of  species.  The 
humane  viewpoint  is  much  enhanced  when  the  depletion  of 
creature  life  motivates  resentment.  Such  is  the  virtue  of  visualizing 
the  destructive  aftermath  of  selhsh  killing  or  reckless  sportsman- 
ship. We  note  with  serious  concern  the  creatures  in  modern  times 
that  have  completely  disappeared,  and  others  whose  disappearance 
is  threatened.  A student  can  make  an  interesting  report  to  the 
class  on  such  assignments  as 

The  disappearance  of  the  heath  hen 
The  passenger  pigeon 

The  threat  of  extinction  of  the  bison,  beaver,  egret,  bald  eagle, 
and  wild  turkey  (others  may  be  added) 

b.  Hunting  (urban  and  rural) 

(1)  Regulating  laws  and  license  requirements 

(2)  The  need  of  restrictions  on  licenses  covering  education, 
identification,  skill  in  using  weapons,  etc. 

(3)  Guidance  concerning  true  sportsmanship  versus  the  depravity 
of  the  killer 

(4)  A study  of  man’s  interference  with  the  balance  of  nature  and 
its  relationship  to  licensed  hunting  versus  promiscuous  killing 

c.  Fisbing  (urban  and  rural).  Approach  subject  witb  appeal  to  bumane 
concern  and  conservation 

(1)  Industrial 

(2)  Destructive  practices 

(3)  Interference  with  migratory  habits 

Construction  of  dams 
Hampering  salmon  spawning 

Eels  cut  off  from  many  of  their  small  stream  habitats 

(4)  Game  hsh,  breeding  and  stocking 

(5)  Open  season  and  other  game  laws 

d.  Trapping 

(1)  Steel  trap  cruelties 

(2)  Steel  trap  regulations,  Pennsylvania  law 

(3)  More  humane  leg-gripping  traps  and  their  merits 

(4)  Guillotine  or  killer  traps;  possible  merit  as  compared  with 
ordinary  steel  traps 

(5)  Deadfall  trap— pros  and  cons 

The  snare 
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(6)  Large  or  heavy  traps  for  bear-like  creatures  and  legal  limitation 
of  the  same;  their  danger  for  humans 

(7)  Live  traps,  mostly  box  trap  varieties 

Freezing  and  other  distress  in  box  traps 

(8)  Waste,  ofttimes  involving  faulty  catch  in  greater  numbers  than 
the  number  sought 

Note:  Trapping  is  rarely  kind  or  humane,  hut  sometimes  it  is  necessary. 

It  is  recognized  as  the  outstanding  cruelty  in  the  economic  rela- 
tionship between  animal  and  man. 

e.  Predatory  Animals 

Some  of  the  predatory  creatures  have  value  as  fur  bearers,  for 
food  or  for  other  possible  assets,  but  are  known  as  predatory  because 
they  are  destructive  of  other  life  of  possible  value.  Economically 
a predatory  animal  is  a creature  which  destroys  more  than  it 
saves  in  human  economy. 

These  creatures  give  us  another  slant  on  a higher  level  of  ap- 
preciation. Although  they  are  destructive,  they  often  function 
very  effectively  in  that  intricate  law  known  as  the  balance  of 
NATURE.  They  may  not  threaten  extinction,  but  instead  may  de- 
stroy the  weakling  of  the  species,  thus  strengthening  the  race.  Some 
predatory  animals,  such  as  species  of  owls  and  hawks,  are  con- 
sidered today  of  economic  value. 

The  teacher  and  the  class  may  select  for  unit  activity  certain 
creatures  with  habitat  in  the  community,  or  some  assets  or  problems 
related  to  local  animal  life. 


f.  Livestock  Industry  (rural  and  urban) 

(1)  Methods  of  slaughter  in  the  jjast  (major  cruelty  involved) 

(2)  Methods  of  slaughter  on  farm— past  and  present 

(3)  Common  methods  used  today 

(4)  Improved  methods  used  today 

(5)  More  humane  devices  and  methods  in  experimental  stage 

(6)  Cash  X Captive  Bolt  Pistol 

(7)  Electric  stunning 

g.  Livestock  Loss  Prevention  Activities  (rural  and  urban) 

(1)  Damaged  meat— causes  and  losses 

(2)  Transportation  by  train,  truck,  and  on  foot 

h.  Slaughter  In  Other  Fields 

(1)  Killing  sports 

(2)  Use  of  air  rifles 

(3)  Archery 


Foxes 

Snakes 

Hawks 


Owls 

Ferrets 
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. (4)  Seal  killing— methods  and  problems  involved 

(5)  Poison— where  used  and  where  forbidden 

(6)  Shock  by  dynamite  as  a means  of  killing  hsh,  etc.,  and  problems 
involved 

i.  Cruel  Sports  (rural  and  urban)  Differentiate  between  humane  and  in- 
humane practices 

(1)  Bull  fights 

(2)  Dog  fights 

(3)  Cock  fights 

(4)  Racing 

(5)  Live  pigeon  shoots 

(6)  Use  of  weapons 

j.  History  of  the  Humane  Movement  (rural  and  urban) 

(1)  Societies  for  the  prevention  of  cruelty  (aims,  purposes,  and 
methods) 

(2)  Rescue  leagues,  dog  pounds,  ami  societies  for  the  custody  and 
care  of  pets,  etc. 

(3)  Humane  education  and  specialized  fields  of  service 

k.  Controversial  Groups  (urban) 

Somewhere  in  the  layout  of  the  humanitarian  guidance,  there 
should  be  included  a definite  statement  to  the  effect  that— no 

LIVING  ANIMAL  SHALL  BE  USED  IN  ANY  EXPERIMENT  OR  DEMONSTRA- 
TION INVOLVING  PAIN,  DISTRESS,  OR  SUFFERING.  A law  prohibits  such 
practice  in  the  public  schools  of  Pennsylvania.  (Section  1514, 
Pennsylvania  School  Laws,  1949.) 

3.  PUPIL  REPOR  I S AND  EXHIIHTS 

4.  EVALEIATION 
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CHEMISTRY 

Scope 

This  bulletin  uses  the  rational  or  functional  approach  to  secondary 
school  chemistry  rather  than  the  historical  aj:)proach.  An  attempt  has 
been  made  to  present  each  new  idea  in  an  order  which  will  promote 
learning. 

The  rational  approach  stresses  initially  the  schematic  organization  of  the 
elements.  It  begins  with  the  electron,  proton,  and  neutron.  From  these 
fundamental  particles  the  atom  of  the  physicist  is  contracted.  Next  comes  the 
mastery  of  the  names,  symbols,  atomic  numbers,  and  configurations  of  the 
first  twenty  elements  of  the  periodic  table. 

From  these  twenty  elements,  the  student  goes  to  the  simplest  compounds, 
the  binaries.  The  formulas  for  these  and  the  equations  for  preparing  them  by 
direct  combination  are  then  presented.  The  next  step  is  the  reverse  process, 
the  decomposition  of  compounds,  especially  the  binaries.  More  complex 
compounds  are  then  presented,  and  after  that,  come  reactions  involving  single 
and  then  double  replacement.  The  concept  of  energy  is  stressed  constantly. 

The  advantages  of  the  rational  approach  may  be  appreciated  by 
considering  a few  illustrations  of  how  it  operates.  At  the  outset  the 
student  learns  the  correct  dehnitions  of  such  terms  as:  atomic  number, 
clement,  isotope,  and  ion.  Very  early  in  the  course  he  learns  how  to 
calculate  the  valence  of  such  ions  as  carbonate  and  phosphate.  This 
he  can  readily  do  because  he  knows  the  valence  of  the  component  parts 
of  such  ions.  On  the  foundation  of  the  rational  approach  it  is  possible 
to  build  an  understanding  of  such  concepts  as  electromotive  series, 
oxidation  and  reduction  (in  the  electronic  sense) , dissociation,  neutrali- 
zation, hydrolysis,  and  electrolysis. 

The  preparatory  unit  need  not  be  presented  all  at  one  time  but  shoidd 
serve  as  a basis  for  selecting  the  points  most  likely  to  need  attention  as 
the  student  progresses  through  the  course.  All  students  should  take 
the  fundamental  units.  After  these  are  completed  the  teacher  may 
exercise  considerable  freedom  in  the  remainder  of  the  course.  He  may 
either  use  the  descriptive  and  supplementary  units  or  work  on  life- 
problem  units  suited  to  his  learning  group.  These  should  provide 
review  and  practice  in  basic  principles.  The  unit  on  Pennsylvania’s 
Mineral  Resources  should  be  given  to  all  groups.  College-bound 
students  should  complete  the  Descriptive  Units  and  as  manv  of  the 
Supplementary  Units^  as  possible.  (See  Section  on  Sequence,  page  188.) 


> The  supplementary  Units  are  taken  from  “A  Minimum  Syllabus  for  a College  Course  in 
Chemistry,”  prepared  by  the  New  England  Chemistry  Teachers  Association  and  published 
in  the  January,  1950  issue  of  the  Journal  of  Chemical  Education. 
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The  foregoing  statements  do  not  imply  that  the  history  of  chemistry 
is  to  be  neglected.  The  point  is  that  the  historical  approach  is  not 
more  necessary  in  chemistry  than  in  any  other  science.  On  the  other 
hand,  a knowledge  of  the  history  of  certain  chemical  developments,  such 
as  the  explanation  of  combustion,  is  most  helpful  in  understanding  the 
operation  of  the  scientific  method  of  problem-solving. 

Trends  in  Chemistry  Teaching 

The  trend  in  the  organization  of  chemistry  courses  has  been  in  the 
planning  of  units  which  are  related.  Most  psychologists  in  education 
agree  that  each  new  principle  should  be  seen  as  part  of  an  unfolding 
concept,  not  as  an  unrelated  bit  of  information.  At  the  same  time,  the 
bearing  which  rational  organization  and  principles  have  upon  real  life 
problems  should  be  emphasized.  The  study  of  atomic  structure  becomes 
a life  problem  when  the  means  of  preserving  human  life  in  an  atom 
bomb  explosion  are  considered. 

The  following  principles  should  be  considered  in  the  planning  of 
a chemistry  course. ^ 

1.  The  course  content  should  help  to  satisfy  real  needs  of  students. 

2.  The  course  content  should  be  of  a proper  degree  of  difficulty, 
adequate  consideration  being  given  in  its  selection  to  the  maturity 
level  of  pupils. 

3.  Economic  and  social  applications  should  be  developed  and  stressed, 
particularly  those  relating  to  everyday  life. 

4.  The  content  should  include  a wealth  of  materials  and  activities 
designed  for  use  in  developing  the  abilities  and  attitudes  associated 
loith  the  scientifc  method  of  problem-solving. 

5.  Content  that  appeals  to  pupil  interest  is  more  likely  to  influence 
pupil  behavior  than  that  which  does  not. 

Sequence 

The  organization  must  not  be  looked  upon  as  something  to  be 
memorized  only.  It  is  a framework  which  provides  direction  for  the 
development  of  understandings,  attitudes,  and  behaviors.  To  attain 
these  objectives,  the  following  unit  sequence  is  suggested: 


* Science  Education  in  American  Schools,  the  Forty-sixth  Yearbook  ot  the  National  Society  for 
the  Study  of  Education, 


SCOPE 

AND  SEQUENCE 

Preparatory  Unit: 

Unit 

I: 

Unit 

II: 

Unit 

HI: 

Unit 

IV: 

Unit 

V: 

Unit 

VI: 

Unit 

VII: 

Unit 

VIII: 

Unit 

IX: 

Unit 

X: 

Units 

XI-XVII: 

Units  XVIII-XXVI: 

Unit 

XXVII: 

Unit 

XXVIII: 

Unit 

XXIX: 

Introducing  Units 

OF  SCIENCE  TEACHING  189 

What  Are  the  Tools  and  Mathematics  of  the 
Chemist? 

What  Are  Electrons,  Protons,  and  Neutrons? 
What  Are  Elements  and  Isotopes? 

What  Is  the  Nature  of  Each  of  the  First  Twenty 
Elements? 

How  Are  Compounds  Formed  from  Elements? 
How  Do  Pure  Substances  and  Mixtures  Differ? 
How  Are  Complex  Compounds  Made  U]i? 

How  Can  Compounds  Be  Decomposed? 

How  Do  Metals  Differ  in  Their  Activity? 

How  Do  Ions  Work  for  Man? 

Gases  at  Work 

Descriptive  Chemistry  Units— See  page  212 
Supplementary  Units— See  page  212 
Pennsylvania’s  Mineral  Resources 
Chemical  Equations  and  Computations 
What  Shall  We  Eat?— A Lite  Problem  Unit 


Pupil-teacher  planning  is  a component  of  effective  functional  teaching. 
(See  Evaluative  Criteria,  The  Cooperative  Study  of  Secondary  School 
Standards,  Washington,  D.  C.)  The  introduction  of  units  may  take  the 
form  of: 


1.  An  overview  by  the  teacher 

2.  Group  discussion  on: 

a.  What  do  we  know  now? 

b.  What  do  we  need  to  find  out? 

c.  What  work  plan  shall  we  use? 

Such  planning,  in  accordance  with  democratic  procedure,  awakens  the  con- 
cern and  participation  of  students.  Frequently  problems  and  activities  are 
suggested  which  add  greatly  to  initial  mastery  and  to  retention.  In  addition, 
students  acquire  practiee  in  planning,  which  is  an  essential  life  activity. 
Samples  of  student  self-appraisal  check  lists  are  included.  Others  may  readily 
be  constructed  by  the  teacher. 

The  unit  titles  and  outlines  are  suggestive  and  Ilexible.  Variation 
in  topics,  objectives,  and  activities  will  be  desirable  as  circumstances 
vary.  Units  may  be  extended  to  meet  the  specific  problems  of  pupils 
and  of  communities.  The  study  of  chemistry  provides  a rich  store  of 
material  for  considering  the  critical  human  problems  of  health,  work, 
home  and  family  living,  the  interdependence  of  man,  the  use  of  leisure, 
consumer  judgment,  and  the  like.  Unless  these  needed  attitudes  for 
good  citizenship  are  approached  concurrently,  the  best  of  knowledge  has 
little  profit. 
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Evaluation 

With  the  rational  approach  to  chemistry  there  must  be  frequent  tests 
on  the  mechanics  of  atomic  configurations,  formulas,  and  equations. 
At  least  one  test  per  unit  should  be  given.  In  all  probability  some  tests 
will  have  to  be  repeated.  Unless  the  student  gets  each  step  as  he  goes, 
there  is  no  merit  in  this  system.  Problems  based  on  the  weight  relations 
of  the  equation  may  also  be  introduced  fairly  early.  Where  there  is 
difficulty  in  solving  such  problems,  a check  should  be  made  of  the 
mathematics  involved  and  an  appropriate  review  given. ^ 

The , ideal  evaluation  of  any  subject  is  of  course  its  effect  on  the 
behavior  of  the  student.  If  he  learns  the  dangers  of  carbon  monoxide, 
he  will  be  concerned  that  no  one  runs  an  automobile  engine  in  a closed 
garage.  The  alert  teacher  should  be  able  to  discover  and  teach  for  such 
behaviors  on  the  part  of  his  students.  Means  for  such  evaluation  are 
suggested  in  Chapter  IV  on  “Evaluation.” 

Many  students  voluntarily  bring  to  class  clippings  from  newspapers 
and  periodicals.  This  practice  should  be  encouraged.  It  is  helpful  in 
promoting  and  evaluating  the  student’s  interest  in  the  subject.  If  he 
selects  clippings  wisely  and  writes  a short  paragraph  or  reports  orally, 
explaining  the  application  of  the  principles,  the  practice  is  a good 
teaching  aid. 

Comprehensive  evaluation  involves  the  student  in  the  self-evaluation 
of  his  own  learning.  Practice  in  this  ability  is  essential  for  self-motivation. 
The  types  of  self-appraisal  check  lists  on  Units  I and  II  are  suggested 
for  this  purpose.^ 

^ For  evaluating  the  accomplishments  of  the  student  at  the  end  of  the  course  there  is  probably 
nothing  better  than  the  “Cooperative  Chemistry  Test"  published  by  Educational  Testing 
Service,  15  Amsterdam  Avenue,  New  York  23,  N.  Y.  This  test  is  available  in  a number  of 
forms  and  presents  considerable  data  on  the  national  norms  of  the  test.  Administration 
of  the  same  test  to  the  same  students  six  months  or  a year  later  is  necessary  for  the  teacher 
to  evaluate  his  teaching  on  the  basis  of  retention. 

- Such  student  participation  in  evaluation  is  recognized  in  D-15  of  the  1950  Edition  of  the 
Evaluative  Criteria,  Cooperative  Study  of  Secondary  School  Standards,  Washington,  D.  G. 
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Student  Self-Appraisal  Check  List  for  Preparatory  Unit— 
What  Are  the  Tools  and  Mathematics  of  the 

Useful  knoiuledge 

a.  Can  you  describe  the  work  of  the  Bureau  of  Standards?  

b.  Can  you  explain  why  an  average  of  several  j)iecise  measure- 
ments is  Itetter  than  one  measurement?  

c.  Can  you  discuss  what  is  meant  by  “limits  of  tolerance”?  

d.  Can  you  describe  the  advantages  of  the  metric  system?  

e.  Do  you  know  what  the  I.atin  word  scio  means  and  how  this 

is  related  to  science?  

f.  Can  you  describe  some  time-saving  devices  which  are  in  daily 

use?  

g.  Can  you  name  the  measuring  instruments  which  are  used 

by  a surveyor?  A carpenter?  A doctor?  

h.  Do  you  know  what  is  the  purpose  of  time  and  motion  study 

in  industry?  

i.  Can  you  discuss  how  time  and  motion  study  might  be  related  to 

the  layout  of  a kitchen?  To  making  a bed?  

j.  Can  you  explain  the  relationship  of  measurements  to  thrift? 

^ Doubtful. 

Vocabulary 

Can  you  explain  and  use  the  following  words  or  lerms? 

Yes  D.  No 

f.  gravity  

g.  liter 

h.  mass  produc- 
tion   

i.  micrometer  . . 

j.  precision  .... 

Principles  and  Laws 

Can  you  state  four  ways  in  which  measurement  helps  any  of  the  f 

Getting  to  school  on  time,  driv-  1.  

ing  an  automobile,  fishing,  buy-  2.  

ing  food,  handling  money,  taking  3.  

a chance.  4.  

Daily  activities  and  phenomena 

Can  you  list  four  other  daily  activities  which  illustrate  any  of  the 

Precision-  measurements,  mass  pro-  1.  

duction,  averaging  measurements,  2.  

making  time  and  motion  studies,  3.  

limits  of  tolerance  4.  

Demonstration  and  Experiment 
Can  you  prove  or  show: 

a.  How  many  centimeters  there  are  in  an  inch?  

b.  That  a liter  is  larget  than  a dry  quart?  

c.  How  to  read  an  electric  meter?  A gas  meter?  

d.  How  to  measure  out  one  ounce  when  you  have:  a chemical  bal- 
ance, 16  ounces  of  sand  and  2 pieces  of  lilter  paper?  

When  the  sun  is  shining,  can  you  find  north  by  using  the  face  < 

What  else  did  you  learn  in  this  tinit? 

What  help  did  you  give  to  what  your  class  did? 


a.  barometer  . . 

b.  calorie  

c.  candle-power 

d.  centigrade  . . 

e.  gram  


Chemi.st? 

Yes  D.’  No 


I'c.s  D.  No 


following? 


Yes  D.  No 


a watch? 
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Student  Self-Appraisal  Clieck  List  for  Unit  I— What  Are 
Electrons,  Protons,  and  Neutrons? 

Useful  Knowledge 

a.  Can  you  explain  what  matter  is?  

b.  Do  you  know  in  what  physical  states  matter  exists? 

c.  Can  you  explain  tlie  properties  of  matter?  

d.  Do  you  know  what  forces  hold  solids  together?  

e.  Can  you  explain  the  difference  between  ice,  water,  and  steam? 

f.  Do  you  know  how  sap  goes  up  a tree? 

g.  Do  you  know  why  soap  buljbles  are  sphericai?  

h.  Do  you  know  whether  a needle  will  float  in  water?  

i.  Do  you  know  what  a niolecide  is?  


D. 


No 


Vocabulary 

Can  you  explain  and  use  the  following  words  or  terms? 
Yes  D.  No 

a.  absolute  tem- 


Yes 


n. 


No 


perature  . 

b.  capillarity 

c.  dew  point 

d.  elasticity 

e.  energy  . . . . 


f.  hypothesis 

g.  solubility  . 

h.  osmosis  . . . 


I.  space  

i.  surface  tension 


.'I.  Principles  and  Laias 

C.an  you  name  six  principles  or  laws  which  explain  any  of  the  following? 


Popping  torn,  starching  clothes, 
shooting  a slingshot,  automobile 
blowouts,  refrigeration,  ink  blot- 
ting, filtering  water 


1. 

9 

3. 


4. 


6. 


4.  Daily  Activities  and  Phenoniena 

Can  you  name  six  everyday  activities  or  phenomena  which  illustrate  the  following? 


sitrface  tension. 

cajrillarity,  adhe- 
and  contraction, 

1. 

4. 

sion,  expansion 

2, 

5. 

I 

osmosis 

.I. 

(i. 

i 

5.  Can  you  explain 

Yes 

D. 

j 

No' 

how  dew  ‘'falls”?  , . 

\ 1 

6.  What  else  have 

you  learned  in  this 

unit? 

' 

7.  ^Vhat  help  did  you  gne  to  the  work  of  your  class? 


WHAT  ARE  ELEMENTS  AND  ISOTOPES? 
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DEPARTMENT  OF  PUBLIC  INSTRUCTION 


Chart  of  First  Twenty  Elements 


+1 

-7 

+2 

-6 

+3 

+4 

-4 

+5 

-3 

+6 

-2 

1 

M 

0 

1 

Hydrogen 

H 

2 

Helium 

He 

3 

Lithium 

Li 

4 

Beryllium 

Be 

5 

Boron 

B 

6 

Carbon 

C 

7 

Nitrogen 

N 

8 

Oxygen 

0 

9 

Fluorine 

F 

10 

Neon 

Ne 

11 

Sodium 

Na 

12 

Magnesium 

Mg 

13 

Aluminum 

A1 

14 

Silicon 

Si 

15 

Phosphorus 

P 

16 

Sulphur 

S 

17 

Chlorine 

Cl 

18 

Argon 

A 

19 

Potassium 

K 

20 

Calcium 

Ca 

Note  : The  numbers  at  the  head  of  the  columns  are  the  valence  numbers  of  the  elements  In  the 

column. 


Four  Types  of  Elements 


Example 

Sodium— Na 

Chlorine— Cl 

Carbon— C 

Neon—Ne 

Atomic  Weight 

23 

35 

12 

20 

Atomic  Number 

11 

17 

6 

10 

Neutrons  in  nucleus 

12 

18 

6 

10 

Configuration 

lie 

2-8-1 

17e 

2-8-7 

/^Nfie 

V^2-4 

/l^lOe 

\10^2-8 

Valence  Number 

+ 1 

-1 

±4 

0 

Electron  Behavior 

Lends 

Borrows 

Either 

Neither 

Type  of  Element 

Metal 

Nonmetal 

Amphoteric 

Inert 

Compound  with  Hydrogen 

— 

HCl 

H*C 

— 

Compound  with  Oxygen 

Na^O 

— 

COa 

— 

Note  : p represents  proton  ; n neutron  ; and  e electron. 
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DEPARTMENT  OF  PUBLIC  INSTRUCTION 


First  Twenty-Element  Ions 


Name 

Ion 

Formula 

Components 

Charge 

Positive 

Negative 

Ammonium 

NH, 

H,  +4 

N -3 

+ 1 

Bicarbonate 

HCO3 

H +1 

C +4 

O3  -6 

-1 

Bisulphate 

HSO* 

H +1 

S -f6 

0,  -8 

-1 

Nitrate 

NO3 

N +5 

O3  -6 

-1 

Perclilorate 

CIO, 

Cl  +7 

0,  -8 

-1 

Hydroxide 

OH 

H 4-1 

' 

0 -2 

-1 

Carijonate 

CO3 

C +4 

O3  -6 

-2 

Silicate 

SiO., 

Si  +4 

O3  -6 

-2 

Sulphate 

SO, 

S +6 

0,  -8 

_9 

Tetraborate 

B,0, 

B,  +12 

O;  -14 

-2 

Thiosidphate 

S3O3 

S +6 

1 1 
C5 

(T)  W 

-2 

Silicofluoride 

SiFe 

Si  +4 

Fo  -6 

-2 

Borate 

BO3 

B +3 

O3  -6 

-3 

Phosphate 

I’O, 

P +5 

0,  -8 

-3 
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Units  XI-XVII 

DESCRIPTIVE  CHEMISTRY  UNITS 

The  main  objective  in  these  units  is  to  learn  the  properties,  pre- 
paration, reactions,  and  practical  applications  of  the  substances  listed. 
The  learning  experience  will  consist  mainly  of  textbook  study  and  doing 
or  observing  the  experiments  involved. 


Unit 

XI: 

Sulphur,  sulphur  dioxide,  dihydrogen  sulphide,  sulphuric 
acid,  and  sulphates 

Unit 

XII: 

Nitrogen,  tlie  atmosphere,  nitrogen  oxides,  ammonia, 
nitric  acid,  and  nitrates 

Unit 

XIII: 

Carbon,  carbon  monoxide,  carbon  dioxide,  methane, 
methyl  alcohol,  and  ethyl  alcohol 

Unit 

XIV: 

The  halogen  family,  common  halides,  and  related  acids 

Uni  r 

XV: 

Sotlitim,  common  sodium  compounds,  preparation  of  the 
pure  metal,  occurrence,  and  simple  reactions 

Unit 

XVI: 

Aluminum  (treatment  similar  to  sodium) 

Unit 

XVII: 

Iron  (treatment  similar  to  sodium) 

Units  XVIII-XXVI 
SUPPLEMENTARY  UNITS 

There  are  two  objectives  in  these  units:  first,  to  understand  the  theory 
behind  the  subject;  second,  to  learn  something  of  the  manufacture  and 
industrial  applications  of  the  substances  and  materials  listed. 

The  learning  experiences  will  consist  mainly  of  textbook  study,  to- 
gether with  the  jorejiaration  of  exhibits  of  the  materials  when  available. 
Ajiprojiriate  films  are  available  and  should  be  shown  to  the  class. 

Unit  XVIII:  Nucleonics:  Radioactivity,  isotopes,  agents  of  trans- 

mutation (alpha  particles  and  neutrons) , fission 

Unit  XIX:  Organic  chemistry:  Simple  hydrocarbons,  alcohols,  acids, 

esters,  aldehydes,  ketones,  isomerism 

Unit  XX:  Equilibria:  Le  Chatelier’s  principle.  Law  of  Mass  Action 


INDIVIDUAL  WORK  IN  CHEMISTRY 


Unit 

XXI: 

Molecular  weights:  Determination  by  depression  of 

freezing  point  and  elevation  of  boiling  point 

Unit 

XXII: 

Equivalent  weights  and  normal  solutions 

Unit 

XXIII: 

Balancing  equations  by  electron  transfer,  oxidation- 
reduction 

Unit 

XXIV: 

Metals:  cojipcr,  zinc,  lead,  and  titanium 

Unit 

XXV: 

Nonmetals:  phosphorus  and  silicon 

Unit 

XXVI: 

Plastics,  rubber,  glass,  cement,  textiles,  and  foods 
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Unit  XXVIII— A Subject  Matter  Unit 

CHEMICAL  EQUATIONS  AND  COMPUTATIONS 
INTRODUCTION 

Equations  to  a chemist  are  somewhat  similar  to  blueprints  in  industrial 
arts,  in  that  they  depict  the  ultimate  patterns  of  activity,  thereby  elimi- 
nating much  time  and  cost  through  trial  and  error.  Equations,  therefore, 
have  a definite  place  in  the  high  school  chemistry  course. 

Practically  all  high  school  chemistry  texts  present  four  types  of  reactions 
with  directions  for  writing  and  balancing  equations.  There  are  several 
simple  rules  which  may  be  followed  that  illustrate  the  principles  in- 
volved in  certain  reactions.  At  times  an  introduction  to  such  principles, 
which  are  ultimately  rules  for  writing  ecjuations,  helps  the  pupil  to 
retain  the  information  because  of  frequency  of  presentation. 

For  those  pupils  who  intend  to  go  on  with  the  study  of  chemistry 
much  emphasis  should  be  placed  on  problem-solving,  and  they  should 
thoroughly  master  the  mathematics  of  chemistry.  Other  pupils  need 
not  spend  much  time  with  this  type  of  work. 

In  general,  the  adopted  text  serves  as  a good  guide  as  to  which 
problems  should  be  studied,  but  here  again  each  teacher  must  determine 
which  material  best  fits  the  needs  of  his  particular  pupils. 

There  are  many  types  of  problems,  ranging  from  those  pertaining 
to  the  metric  system  to  those  involving  calories  in  foods.  This  unit 
deals  primarily  with  those  involving  atomic  and  molecular  weights. 

Some  of  the  most  significant  problems  should  be  presented  to  the  class 
in  the  form  of  laboratory  work  with  explanations  given  in  the  classroom. 
These  are  usually  cjuantitative  in  nature  and  often  include  a combination 
of  several  principles. 


Note  : This  unit  may  be  reproduced  and  given  to  college-preparatory  students  as  a work 

project. 
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OUT  LINE  OF  THE  UNIT 

1.  Purpose  of  Chemical  Equations 

2.  How  to  Write  Equations 

a.  Function  of  valence 

b.  Interpretation  of  this  chemical  language 

c.  Balancing  equations 

(1)  The  least  common  multiple 

(2)  Indicating  the  valence 

d.  Practice  and  drill 

3.  What  an  Equation  Does  Not  Show 

a.  Physical  condition  o£  the  suljstance 

b.  Whether  exothermic  or  endothermic 

c.  If  solvents  are  used 

d.  The  catalysts  necessary 

• 

4.  Four  Types  of  Reactions 

a.  Direct  combination  or  synthesis 

b.  Simple  replacement  or  substitution 

c.  Simple  decomposition 

d.  Double  replacement  or  double  decomposition 

5.  Summary  of  the  Principles  or  Rules  for  the  Reaction  of  Chemicals 

6.  Some  Familiar  Reactions  in  Equation  Form 

7.  Types  of  Problems 

a.  Molecular  weights 

b.  Percentage  composition  of  a compound 

c.  Problems  based  on  chemical  equations 

d.  Review  of  former  problems 

(1)  Conversion  of  metric  and  English  systems 

(2)  Gas  laws 

(3)  Atmospheric  pressure 

(4)  Density  and  specific  gravity  of  gases 

(5)  Pressure  in  licpiids 

(6)  Conversion  of  temperature  for  the  three  thermometric  scales 

e.  The  equivalent  of  magnesium 

f.  Significant  figures 

g.  Five  steps  in  solving  weight  problems 
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PRESENTING  THE  TOPIC 

Most  pupils  like  to  write  equations  for  at  least  one  home  preparation. 
This  gives  them  time  to  comprehend  what  happens.  University  students 
usually  are  required  to  complete  equations  which  are  hard  to  balance. 
College  preparatory  pupils  should  have  problems  sufficiently  hard  to 
challenge  their  abilities.  Pupils  like  eejuations  so  well  that  they  are 
willing  to  drill  eagerly  at  the  blackboard.  If  the  board  space  is  not 
enough  for  the  entire  class,  the  pupils  at  their  seats  should  be  encouraged 
to  drill  at  their  desks  upon  scratch  paper.  If  delinite  patterns  of  et]ua- 
tions  are  grouped,  the  pupils  usually  understand  them  more  qtiickly. 
Some  rules  for  writing  equations  may  be  given  to  pupils  with  samples 
to  be  kept  in  their  notebooks.  A mimeographed  sheet  of  groups  ol 
equations  reduces  the  monotony  of  this  type  of  work.  Knowing  how  to 
write  equations  is  perhaps  more  important  than  the  writing  of  any  par- 
ticular one;  therefore,  the  principles  should  be  thoroughly  mastered. 

The  combining  of  the  atomic  weights  to  make  molecular  weights  and 
the  changes  involved  in  reactions  are  usually  illustrated  on  the  black- 
board with  explanations.  There  is  a tendency  for  the  brighter  ptqiils 
to  like  this  work  especially  well,  but  slower  members  of  the  class  are 
confused  by  it.  Some  of  the  difficulty  in  solving  the  problems  may  be 
eliminated  by  reviewing  the  fundamentals  of  arithmetic  in  the  process. 
It  is  a good  policy  for  the  teacher  to  establish  a pattern  or  form  for  the 
method  to  be  used. 

Blackboard  drill  gives  the  teacher  a good  opporttinity  to  see  what 
the  individual  pupil  is  doing. 

TEACHING  AIDS  AND  SUGGESTIONS 

The  alert  teacher  will  not  only  determine  the  pupils  who  have  not 
mastered  equation  writing,  btit  will  try  to  motivate  more  activity  in  this 
field.  He  should  observe  his  class  critically  to  determine  the  amount 
and  kind  of  material  to  be  studied,  and  should  insist  upon  mastery  ol 
sufficient  materials  to  keep  the  pupils  working  well,  and  to  give  them 
confidence. 
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EQUATIONS  AND  COMPUTATIONS 
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EXERCISES  FOR  EQUATION  WRITING  (Demonstration  and  Review) 

Direct  Combination 
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1.  Burning  forms  oxides: 

2H2  + O2 > 2H2O 

C + O2 > CO2 

2.  Some  metals  and  nonmetals  combine  directly  to  form  compounds; 

2Sb  + 3 CI2 > 2SbCl3 

Fe  + S ^ FeS 

3.  Acid  anhydrides  plus  water  form  acids: 

SO2  + HgO ^ H2SO3 

CO2  + H2O > H2CO3 

4.  Basic  anhydrides  plus  water  form  bases: 

CaO  + H2O ^ Ca(OH)2 

MgO  + H2O ^ Mg(OH)2 

5.  Acid  anhydrides  plus  basic  anhydrides  form  salts: 

CaO  + CO2 > CaCOg 

MgO  + SO2 ^ MgSOg 


Simple  Decomposition 

1.  Some  substances  decompose  upon  heating: 

CaCOg  + (Heat) > CaO  -j-  CO2 

NH4OH  + (Heat) ^ NHg  + HoO 

2.  Some  substances  decompose  by  electrolysis: 

2H2O ^ 2H2  + Oo 

2NaCl  + 2HoO ^ 2NaOH  + Cl.  + H. 


Simple  Replacement 

1.  Any  element  in  the  electrochemical  series  will  usually  displace  an- 
other element  below  it  from  its  comjjound: 

Fe  + CUSO4 ^ FeSO^  + Cu 

Zn  + 2HC1 ^ ZnCl.  + Hg 
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2.  In  the  halogen  series  (F,  Cl,  Br,  I)  one  will  displace  another  below  it 
trom  its  compounds; 

Clo  + 2NaI ^ 2NaCl  + I2 

Bi'o  2AgI > 2AgBr  -(-  I2 

3.  Active  metals  in  water  form  bases  and  displace  hydrogen: 

2Na  + 2HsO > 2NaOH  + H2 

Ca  + 2H2O > Ca(OH)2  + H2 

4.  Metals  with  strong  alkalies  liberate  hydrogen: 

2A1  + 6NaOH > 3H2  + 2Na3A103 

Double  Replacement 

1.  Some  ammonium  compounds  jrlus  an  alkali  (soluble  hydroxide)  form 
a salt  and  water  and  ammonia  gas: 

NH4CI  + NaOH > NaCl  + NH3  + H2O 

2NH4CI  + Ca(OH)2 > CaCU  + 2NH3  + 2H2O 

2.  An  acid  plus  a base  forms  salt  and  water  (neutralization)  : 

NaOH  + HCl > NaCl  + H.O 

Ca(OH)2  + H.SOi > CaS04  + 2H2O 

3.  An  acid  plus  a basic  anhydride  yields  a salt  and  water: 

H2SO4  + CuO > CUSO4  + HoO 

2HC1  + CuO > CuCl,  + H2O 

4. '  A base  plus  an  acid  anhydride  yields  a salt  and  water; 

Ca(OH)2  + SO3 ^ CaS04  + HgO 

2NH4OH  + CO2 ^ (NH4)2C03  + H2O 

5.  A salt  plus  water  forms  an  acid  and  a base  (hydrolysis)  : 

NaoCOg  -t-  2HaO > HgCOg  + 2NaOH 

C11SO4  + 2H2O > H2SO4  + Cu(OH)2 

6.  Treat  a salt  of  an  acid  with  an  acid  having  a higher  boiling  point 
(usually  sulfuric)  to  prepare  the  acid  of  the  salt: 

2NaCl  + H2SO4 ^ 2HC1  + NaoS04 

2NaF  + FI0SO4 > 2HF  + Na2S04 
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7.  When  salts  are  treated  with  an  acid  having  a higher  boiling  point  an 

acid  salt  is  formed  when  the  solution  is  heated  gently  or  not  at  all; 

NaNOs  + H0SO4 ^ NaHS04  + HNO3 

NaCl  + H0SO4 NaHSO^  -f-  HCl 

8.  A carbonate  phis  an  acid  forms  a salt,  carbon  dioxide,  and  water: 

CaCOa  + 2HC1 > CaCL  + CO,,  + HoO 

2NaHCOa  + H.SO^ ^ Na.SO^  + 2COo  + 2H.O 

9.  Test  for  compounds:  (A  reaction  occurs  if  a precipitate  forms) 

AgNOa  -|-  NaCl > NaNOa  -|-  AgCl 

Na2S04  + BaClo > 2NaCl  + BaS04 

Ca(OH)o  + H0CO3 > 2HaO  + CaCOg 

Pb(C2H302)o  + H2S ^ 2HC2Ha02  + PbS 


Some  Other  Reactions 

1.  Some  metals  oxidize  in  the  presence  of  oxygen  to  a higher  valence: 

4Fe(OH)2  + 2H2O  + O2 > 4Fe(OH)a 

4CuOH  + 2H2O  + O2 ^ 4Cu(OH)2 

2.  Metals  may  be  extracted  from  oxide  ores  by  heating: 

Fe20a  + 3H2 ^ 2Fe  + 

PbO  -p  H2 > Pb  -t-  H.O 

Unit  XXIX— A Life  Problem  FTnit 
WHAT  SHALL  WE  EAT? 

1.  OVERVIEW  BY  TEACHER  AND  PLANNINCt  tVITH  PUPILS 

2.  CENTRAL  OBJECTIVE 

To  develop,  by  active  participation,  a sense  of  food  values  which  rvill 
contribute  to  effective  behaviors  in  eating 

3.  CONTRIBUTORY  OBJEC  ITVES- (toopciatively  planned) 

a.  The  realization  of  the  existence  of  a scientific  jnoblcm  in  everyday  pnpil 
experience 

b.  The  behavior  of  planning  laboratory  procedures  for  the  best  solution  of  the 
unit  problem 

c.  The  behavior  of  passing  on  to  others  information  learned  from  experimentation, 
and  to  benefit  from  the  learning  experiences  of  others 

d.  The  behavior  of  gathering  and  recording  facts  from  experimentation,  and 
formulating  logical  conclusions  from  such  facts 

e.  Development  of  the  behavior  of  selecting  a well-balanced  diet 
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4.  RELATED  LEARNINGS—  (Coojaeratively  planned 

a.  LInderstanding  of  the  organization  and  workings  of  a modern  industrial 
chemical  laboratory 

b.  Further  development  of  laboratory  techniques  and  skills 

c.  Further  appreciation  of  the  importance  of  the  factor  of  safety  in  the  laboratory 

d.  Appreciation  of  the  value  of  working  cooperatively  with  others 

e.  Development  of  the  behavior  of  being  a wise  buyer  of  foods 

5.  OVERVIEW 

For  almost  a whole  year,  you  have  been  studying  chemistry.  There’s 
one  more  unit,  though,  that  must  be  completed  before  your  knowledge 
of  elementary  chemistry  is  complete.  That  is  the  topic  of  foods  and  food 
chemistry. 

Let  us  vary  our  usual  procedure  this  week  in  order  to  make  an  inter- 
esting project  even  more  interesting.  It  has  been  suggested  by  members 
of  the  class  that  we  organize  and  operate  as  if  we  were  employes  of  an 
industrial  chemistry  laboratory,  doing  work  for  outside  clients.  If  we 
do  this,  you  will  have  an  opportunity  to  utilize  the  chemistry  you’ve 
learned  thus  far  in  as  nearly  a practical  situation  as  possible.  Instead 
of  performing  laboratory  experiments  from  instructions  prepared  by 
your  instructor,  you  will  make  up  your  own  procedures,  plan  your  own 
laboratory  tests,  and  formulate  your  own  conclusions. 

The  class  periods  in  this  room  will  be  given  over  to  you  to  organize, 
to  plan,  to  discuss,  and  to  elaborate  on  the  week’s  work.  In  the  labora- 
tory, you  will  be  pretty  much  on  your  own.  I’ll  be  around  to  help  you. 
We  should  hnd  out  many  interesting  things  about  foods. 

I would  suggest  that  you  elect  a director  to  coordinate  the  whole  pro- 
gram and  then  select  department  heads  for  such  departments  as  carbo- 
hydrates, proteins,  fats  and  minerals,  and  vitamins.  This  division  of 
res^ionsibility  will  make  possible  the  completion  of  the  whole  project 
within  our  limited  time.  I am  expecting  you  to  take  this  opportunity 
to  show  what  you  can  do  in  chemistry. 

6.  PRETEST 

The  purpose  of  this  pretest  is  to  determine  problems  which  may  be 
solved  by  participation  in  this  unit,  and  to  introduce  the  project.  It 
will  be  given  during  the  class  period  immediately  preceding  the  actual 
start  of  the  unit  activities. 

I.  Fill  in  the  blanks  with  words  that  will  correctly  complete  the 
following  statements: 


SCOPE  AND  SEQUENCE  OF  SCIENCE  TEACHING  223 

1.  The  amount  of  heat  energy  obtained  from  foods  is  measured  in 

units  called 

2.  The  chemical  reaction  between  foods  and  oxygen  in  living 

organisms  is  in  nature. 

3.  is  a good  source  of  protein. 

4.  Proteins  become in  color  when  treated 

with  concentrated  nitric  acid. 

5.  The  ratio  of  hydrogen  to  oxygen  in  carbohydrates  is 

to  

II.  Write  the  numbers  of  the  items  in  Column  II  before  the  items  in 
Column  I which  they  match. 


Column  I 

Column  II 

1. 

Vitamin  D 

1. 

Sea  foods 

2. 

Fats 

Q 

Amino  acids 

3. 

Iodine 

3. 

Starch 

4. 

Glucose 

4. 

Bones  and  teeth 

5. 

Proteins 

5. 

Hemoglobin 

6. 

Calcium 

G. 

Bacteria 

7. 

Vitamin  ,\ 

7. 

Cod  liver  oil 

8. 

Iron 

8. 

Carrots 

9. 

Water 

9. 

Energy  storage 

10. 

Enzyme 

10. 

Solvent 

11. 

Sugar 

12. 

Catalyst 

7.  ACTIVITIES 

First  Contributory  Objective— The  realization  of  the  existence  of  a chemical 
problem  in  everyday  experience 

The  class  will  organize  themselves  into  departments,  each  one  of  which 
will  assume  the  responsibility  for  one  of  the  major  branches  of  food 
chemistry.  Departments  of  (1)  carbohydrates,  (2)  proteins,  (3)  fats  and 
minerals,  and  (4)  vitamins  will  suffice.  In  this  class  of  twenty-nine, 
seven  members  will  ideally  constitute  /each  department.  One  member 
of  the  class  will  act  as  laboratory  director  and  will  act  as  coordinator  of 
the  whole  program. 

Each  department  will  furnish  its  own  foodstuffs  with  which  to  perlorm 
the  laboratory  experiments  and  tests,  and  will  have  the  responsibility  to 
determine  the  types  of  foods  that  will  best  serve  for  the  solution  of  the 
unit  problem.  A minimum  of  hve  different  foods  is  suggested  for  eacli 
group. 

Teacher  Actwities 

f.  Present  the  overview. 

2.  Invite  student  planning. 
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3.  Supervise  the  election  oL  the  laboratory  director. 

4.  Turn  the  class  over  to  the  elected  student. 

5.  Assist  in  guiding  this  first  class  period  of  the  unit. 

Secondary  Contributory  Objective— The  behavior  needed  to  gatlier  and  organize 

data  concerning  foods 

During  the  first  meeting  of  the  class  concerned  with  this  unit,  after 
the  students  have  organized  into  departments,  each  group  will  confer 
and  discuss  the  particular  problem  for  which  it  is  responsible.  The 
members  will  have  free  access  to  the  books  and  periodicals  pertaining 
to  chemistry  that  are  kept  in  the  room.  Those  who  wish  to  go  to  the 
library  may  do  so.  It  will  be  suggested,  preferably  by  the  student 
laboratory  director,  that  each  group  determine  laboratory  procedure  that 
will  (1)  show  the  presence  of  the  food  components  studied,  and  (2)  show 
the  properties  of  these  food  components. 

Teacher  Activities 

1.  Move  from  group  to  group  to  advise  pupils  at  his  own  discretion, 
making  sure,  however,  that  they  do  not  put  too  much  dependence  upon 
the  instructor. 

2.  Eliminate  “blind  alleys.” 

3.  Suggest  reference  sources. 

4.  Offer  encouragement  where  needed. 

Third  Contributory  Objective— Tlie  behaviors  of  planning  laboratory  procedures  for 

the  best  solution  of  the  unit  problem 

The  first  laboratory  period  (90  minutes)  will  be  devoted  to  the  jrlan- 
ning  of  the  laboratory  juocedures  for  solving  the  unit  problem  of  food 
chemistry.  Each  group  will  work  on  its  own  departmental  responsibility 
in  this  problem.  The  student  will  be  reassigned  laboratory  tables  so 
that  members  of  each  group  will  be  together. 

Within  each  departmental  group,  students  will  experiment  with  as 
many  tlifferent  procedures  as  possible  to  determine  the  presence  and  the 
properties  of  their  own  jaarticular  resjionsibility.  The  last  half  hour  of 
the  laboratory  period  will  be  devoted  to  organizing  and  writing  up 
the  procedures  determined  as  best. 

The  student  director  will  work  with  each  group  in  turn,  so  that  he  or 
she  may  obtain  a composite  understanding  of  the  entire  problem,  and  be 
able  to  direct  the  next  day’s  program. 
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1.  Assist  in  assigning  students  to  group  locations  in  order  to  get  tlie 
experimental  work  started  as  soon  as  possible. 

2.  Move  from  group  to  group  to  answer  questions  and  give  advice. 

3.  Keep  an  eye  on  laboratory  safety. 

4.  Encourage  the  development  of  the  following  procedures  and  give 
the  students  the  opportunity  to  suggest  other  methods. 

Fourth  Contributory  Objective— The  behavior  of  passing  on  to  others  information 

learned  from  experimentation,  and  of  benefiting  from  the  learning  experiences  of 

others 

The  activities  under  this  objective  will  take  place  during  two  45- 
minute  class  periods.  In  preparation,  the  demonstration  table  will  be 
cleared,  and  adequate  equipment,  including  all  necessary  chemicals,  will 
be  on  hand.  The  student  director  will  apportion  half  of  each  class 
period  to  one  of  the  departmental  groups,  with  no  particular  order  of 
succession. 

Each  group  will  then  use  its  allotted  time  to  demonstrate  the  lalioratory 
procedures  that  it  previously  formulated  in  the  laboratory.  Different 
parts  of  the  demonstrations  will  be  executed  and  explained  to  the  class 
by  different  students,  so  that  as  many  as  possible  may  participate. 

During  the  demonstrations,  the  students  of  other  departments  will  take 
notes  and  write  down  the  instructions  for  the  procedures  being  dem- 
onstrated. It  will  be  made  known  to  them  that  the  success  of  the  follow- 
ing laboratory  period  will  depend  upon  their  acctiracy  during  these  two 
days. 

The  periods  of  demonstration  will  be  free  and  open  to  questions  and 
discussion  at  all  times.  Caution  should  be  taken,  however,  that  each 
group  keep  within  its  allotted  time. 

Teacher  Activities 

1.  Prepare  equipment  and  procure  necessary  chemicals  before  class 
for  the  group  demonstrations.  This  will  include  the  same  ecpiipment 
that  is  allotted  to  each  student  in  the  laboratory,  and  such  chemicals  as 
will  be  required,  as  determined  by  the  activities  of  the  previous  day. 

2.  Turn  the  class  over  to  the  student  laboratory  director  at  the 
beginning  of  the  class. 

3.  Take  a seat  at  the  rear  of  the  room,  offering  comments  and  sug- 
gestions where  necessary. 
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Fifth  Contributory  Objective— The  behavior  of  gathering  and  recording  facts  from 

observation  and  experimentation,  and  of  formulating  logical  conclusions  from  such 

facts 

The  learning  activities  under  this  objective  will  accomplish  two 
functions.  They  will  develop  further  learning  of  the  project  and  will 
be  part  of  the  evaluation  procedure  of  the  unit. 

The  last  meeting  of  the  class  during  the  week  is  a laboratory  period 
of  90  minutes.  This  meeting  will  be  subdivided  into  two  periods,  a 
60-minute  and  a 30-minute  period.  The  first  part  of  the  meeting  will 
be  devoted  to  experimental  laboratory  work.  Students  will  work  in 
their  regular  departmental  groups.  The  student  director  will  work  with 
any  one  of  them. 

Each  group  will  be  given  five  samples'  of  dehydrated  food  that  are 
unknown  to  them  except  by  number.  Their  problem  will  be  to  use  the 
laboratory  procedures  that  they  and  their  fellow  groups  have  planned  to 
test  the  food  samples  for  the  presence  of  carbohydrates,  proteins,  fats, 
minerals,  and  vitamins. 

They  will  work  in  groups  and  divide  the  work  so  that  the  complete 
experiment  may  be  done  in  this  laboratory  period.  Each  student  will 
take  notes  on  his  own  work  in  such  a manner  that  others  may  benefit 
from  the  data  he  collects. 

At  the  end  of  the  first  hour,  the  laboratory  work  should  be  finished. 
During  the  remainder  of  the  period,  after  the  equipment  has  been 
cleaned  and  put  away,  the  students  will  begin  writing  up  the  experiment. 
Each  student  will  share  his  own  experimental  data  with  the  other 
students  in  his  group.  Eree  discussion  during  this  time  will  insure 
complete  understanding  of  the  entire  laboratory  problem. 

The  students  will  be  supplied  regular  write-up  sheets  so  that  they 
may  work  over  the  week  end  in  describing  the  methods  used,  assembling 
the  experimental  data,  and  formulating  conclusions  as  to  the  presence 
or  absence  of  food  components  in  the  unknown  samples  tested. 

Teacher  Activities 

1.  Supply  five  different  dehydrated  foods,  such  as  dried  eggs,  dried 
milk,  breakfast  cereal,  dehydrated  potatoes,  bouillon.  Place  in  numbered 
bottles  ou  the  shelf  at  the  side  of  the  laboratory.  Have  all  necessary 
chemicals  ready  for  the  period. 

2.  Explain  the  time  division  of  the  period  to  the  jmpils,  and  let  them 
get  started  as  soon  as  possible. 


SCOPE  AND  SEQUENCE  OF  SCIENCE  TEACHING  227 

3.  Move  from  groiijD  to  group  to  supervise  laboratory  safety  and  to 
encourage  better  techniques. 

4.  Pass  out  tvrite-up  sheets  to  each  pupil.  They  should  know  how  to 
use  them  without  further  instruction. 

8.  EVALU.ATION 

The  evaluation  of  this  unit  will  consist  of  four  parts: 

1.  Student  evaluation  by  group  discussion  on  the  achievement  of 
objectives 

2.  Teacher-student  consultation  on  the  students’  record  and  con- 
clusions of  the  work  of  the  last  laboratory  period 

3.  Results  of  the  following  diagnostic  short  test,  to  be  given  during 
the  first  class  period  following  the  completion  of  the  unit 

4.  What  needs  for  drill  and  formal  teaching  are  revealed? 

Diagnostic  Test 

Underline  the  phrase  which  most  accurately  completes  each  of  the 
following  sentences: 

1.  A good  test  for  starch  is  the  addition  of  (1)  Fehling’s  solution, 

(2)  nitric  acid,  (3)  a solution  of  iodine,  (4)  silver  nitrate. 

2.  Vitamin  A is  known  chemically  as  (1)  riboflavin,  (2)  carotene, 

(3)  ascorbic  acid,  (4)  nicotinic  acid. 

3.  Vegetables  are  the  best  sources  of  (1)  carbohydrates,  (2)  proteins, 
(3)  fats,  (4)  minerals. 

4.  Plants  produce  carbohydrates  by  a process  known  as  (1)  trans- 
piration, (2)  digestion,  (3)  photosynthesis,  (4)  phototropism. 

5.  When  Fehling’s  solution  or  Benedict’s  solution  is  added  to  a sugar 
solution  and  then  boiled,  the  resultant  color  will  Ite  (1)  blue,  (2)  orange, 
(3)  violet,  (4)  brick-red. 

6.  Meat  when  tested  will  show  the  presence  of  (1)  carbohydrates, 
proteins,  fats,  and  minerals,  (2)  jiroteins,  fats,  and  minerals,  (3)  fats  and 
jrroteins,  (4)  proteins  only. 

7.  The  importance  of  fats  to  health  is  their  ability  to  (1)  store  energy 
for  future  use,  (2)  manufacture  energy  from  other  foods,  (3)  act  as  a 
“shock  absorber’’  for  the  body,  (4)  be  converted  easily  into  soaj). 

8.  The  presence  of  calcium  and  phosphorus  in  foods  is  essential  for 
the  develojmient  of  (I)  hemoglobin,  (2)  the  nervous  system,  (3)  bones 
and  teeth,  (4)  muscles. 

9.  Starches  can  be  converted  to  sugars  by  (1)  adding  an  acid,  (2)  the 
work  of  enzymes,  (3)  the  action  of  hormones,  (4)  fermentation. 

10.  In  planning  procedures  for  laboratory  work,  it  is  first  necessary 
to  (1)  get  out  all  of  the  necessary  eejuipment,  (2)  look  up  existing 
procedures  in  a laboratory  manual,  (3)  organize  all  known  tacts  about 
the  problem  and  write  them  down,  (4)  determine  the  purpose  ol  the 
experiment  and  find  out  everything  possible  about  it. 
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9.  MATERIALS 

The  regular  laboratory  equipment  and  glassware  assigned  to  each 
student  in  a normal  chemistry  course  will  suffice  for  this  unit. 

In  addition  to  the  regular  stock  reagents  kept  at  the  students’  benches, 
the  instructor  will  provide: 

1.  Iodine  solution 

2.  Fehling’s  or  Benedict’s  solution 

3.  CUSO4  solution  (dilute) 

4.  Ethyl  ether 

5.  Potassium  lerricyanide  solution 

6.  Chlorine  water 

7.  Chloroform 

8.  Antimony  trichloride  solution 

9.  Metaphosphoric  acid  solution,  5% 

10.  2.6  dichlorophenol  indophenol 

11.  Five  samples  of  dehydrated  foods. 
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PHYSICS 

Scope 

Scientific  facts  and  methods  have  indispensable  values  for  hel{>ing  human 
beings  solve  problems  of  personal,  social,  and  vocational  life.  These  values 
should  be  dominant  factors  in  the  teaching  of  physics.  However,  potential 
values  are  not  enough.  Successful  teaching  will  transmit  potential  values 
into  actual  pupil  behaviors,  acquired  by  practice,  and  evaluate  results  ac- 
cordingly. 

I’he  alert  teacher  will  realize  that  many  functional  applications  to 
pupil  needs  must  be  made  in  class  if  transfer  values  are  actually  realized 
in  jnactice.  In  general,  pupil  needs  are  the  same  regardless  of  geo- 
graphical areas  and  community  economics.  Specifically,  however,  needs 
are  based  upon  future  aspirations,  vocational  choices,  and  the  nature  of 
community  and  regional  industries.  Skillful  teaching  and  pupil  partic- 
ipation in  planning  will  focus  instruction  toward  these  goals.  Pupils 
learn  what  they  need  to  know.  Increasing  maturity  and  learning  are 
revealed  in  broadened  needs  and  greater  goals. 

Young  people  must  be  brought  to  a realization  of  the  physical  re- 
sources—on  ivhich  their  conununity , the  nation,  ajid  the  world  depend— 
and  the  flow  of  materials  atid  energy  through  these  areas.  Materials  and 
energy  should  not  be  thought  of  in  static  and  far-off  terms  but  in  relation 
to  everyday  living  and  industrial  prosperity.  Their  study  should  result 
in  a better  understanding  of  the  activities  and  needs  of  the  community 
and  the  region. 

Young  people  need  knowledge  of  the  applications  of  the  principles 
and  laws  of  physics  as  an  aid  in  making  wise  vocational  choices  and  in 
opening  vistas  of  fields  for  which  they  may  decide  to  prepare  themselves 
in  institutions  of  higher  learning.  The  pupil  needs,  as  an  integral  jiart 
of  his  general  education  both  for  conversation  and  for  reading  current 
articles  with  understanding  and  appreciation,  a knowledge  of  scientific 
terms  and  symbols  used  in  physics. 

Teaching  which  is  continually  sensitive  to  the  immediate  problems  ol 
pupils  will  be  most  ellective  in  imparting  a knowledge  of  ^trinciples  and 
information.  As  theory  is  focused  in  teaching  upon  actual  practical 
values,  both  theoretical  and  functional  outcomes  are  strengthened. 

The  course  in  physics  deals  with  the  fundamental  principles  and  laws  of 
physics  and  their  practical  aspects  as  they  apply  to  the  present-day  life  situa- 
tions of  the  pupils.  It  points  out  those  concepts  and  applications  which  in 
the  present  and  future  are  most  important.  It  will  aid  the  pupil  in  his  prob- 
lems of  personal  adjustment  and  will  reveal  the  professional  possibilities  of 
advanced  work  in  this  special  field.  It  illustrates  principles  by  experimenta- 
tion, discussion,  and  guided  experience.  The  objectives  and  activities  are  sug- 
gestive only.  Many  others  will  develop  from  pupil-teacher  planning  and 
teacher  guidance. 
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Sequence 

Preparatory  Unit:  Why  Study  Physics? 

Unit  I:  Measurement;  The  Use  of  Tools 

How  has  precision  in  measurement  helped  to  develop  modern  science? 

Unit  II:  Mechanics  of  Liquids  and  Solids 

How  are  the  forces  exerted  by  liquids  useful  to  us? 

Unit  III:  Mechanics  of  Gases 

How  can  gases  be  harnessed  to  serve  us? 

Unit  IV:  Molecular  Physics 

What  are  the  capabilities  of  “dancing”  molecules? 

Unit  V:  Force  and  Motion 

What  is  the  relationship  between  force  and  motion? 

Unit  VI:  Work,  Power,  Machines,  and  Energy 

How  do  machines  use  energy  to  do  work? 

Unit  VII:  Heat 

How  has  heat  helped  man  to  become  master  of  his  environment? 

Unit  VIII:  Magnetism  and  Static  Electricity 

How  has  utilization  of  the  basic  laws  of  electricity  made  possible  some 
of  the  greatest  advances  in  civilization? 

Unit  IX:  Current  Electricity;  Electromagnetism 

What  miracles  have  been  accomplished  by  moving  electrons? 

What  lies  ahead? 

Unit  X:  Sound 

How  does  noise  retard  digestion  and  raise  blood  pressure? 

“Music  hath  charms  to  soothe  the  savage  breast.”— Congreve 

Unit  XI:  Light 

How  is  light  connected  with  all  the  activities  in  which  we  engage  every 
moment  of  our  waking  time? 

Unit  XII:  Electronics 

Will  unlocking  nature’s  secrets  be  a blessing  or  a curse? 

Unit  XIII-Life  Problem  Unit:  Why  is  Precision  Necessary? 

Unit  XIV— Life  Problem  Unit:  Physics  and  the  Automobile 

Unit  XV— Life  Problem  Unit:  How  Did  "We  Get  Our  Lighting.-' 
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Introducing  Units 

Pupil-teacher  planning  is  a necessary  phase  of  effective  functional  education. 
(See  Chapter  IV,  Evaluation.)  In  introducing  the  physics  units,  provision 
should  be  made  for  this  essential  motivation.  This  is  especially  true  in  physics, 
for  pupils  already  know  a great  deal  about  the  problems. 

Pujjil-teacher  planning  may  take  the  form  of 

1.  Overview  by  the  teacher 

Importance  of  the  unit,  etc. 

2.  Group  discussion 

a.  What  do  we  know  now? 

(list  on  blackboard) 

b.  What  do  we  need  to  find  out? 

(list  on  blackboard) 

c.  What  work  plan  shall  we  use? 

(list  jrroblems  and  committees  on  blackboard) 

T he  unit  outlines  jDresented  here  are  suggestive  and  flexible.  They 
shoidd  be  extended  to  meet  specific  problems  of  pupils  and  the  needs  of 
local  communities,  rural  or  urban.  Variation  in  topics,  problems,  and 
activities  will  be  desirable  as  circumstances  vary. 

Evaluation 

Data  on  the  evaluation  procedures,  luhich  should  terminate  each  unit, 
are  suggested  in  Section  1,  Chapter  II,  “Teaching  Science  by  Units,”  U7id 
m Chapter  /F,  “Evaluation.”  Samples  of  a type  of  suggested  student 
self-appraisal  check  list  for  several  imits  are  included  at  the  end  of  the 
units.  Similar  check  lists  for  other  imits  may  be  readily  constructed. 

The  ideal  way  to  determine  the  changes  which  are  effected  in  the  pupil 
as  a result  of  completing  the  course  in  physics  or  studying  an  individual  unit 
would  he  to  measure  the  increment  of  desirable  activities  which  he  can  and 
does  perform  as  a result  of  this  study.  However,  only  a few  attempts  to  devise 
tests  for  such  a purpose  have  so  far  been  made.  There  are  four  measurable 
outcomes  of  science  study  which  can  be  designated  and  for  which  tests  are 
available  or  can  be  constructed  by  the  teacher:  (a)  facts;  (b)  relationships; 
(c)  problem-solving;  and  (d)  attitudes  and  interests.  As  to  facts,  inasmuch 
as  knowledge  is  essential  to  adjustment,  its  proper  worth  should  not  be  dis- 
counted. 

1.  Tests  for  Subject  Matter  Mastery 
A.  StanclarclizecP 

^ Mathematical  skills  which  are  basic  to  problem-solving  in  physics  can  be  measured 
by  the  Kilzer-Kirby  Inventory  Test  for  the  Mathematics  Needed  in  High  School 
Physics. 

The  Cylenn-Oshonrne  Instructional  Tests  in  Physics  are  primarily  for  testing  units 
of  work  during  the  course,  as  are  the  Michigan  Instructional  Tests  in  Physics,  although 
the  latter  also  includes  an  initial  and  a final  test. 

The  Kirhpatrick-Greene  Handbook  of  Objective  Test  Exercises  in  Physics  is  a com- 
prehensive series  of  test  items  covering  the  basic  concepts  of  the  subject.  Several 
different  forms  are  used  for  each  of  the  important  concepts,  making  it  possible  to 
vary  the  testing  technique  for  quiz  and  examination  purposes.  The  teacher  may 
select  from  the  handbook  such  items  as  are  pertinent  to  the  unit  being  studied. 
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B.  Teacher-constructed 

Using  standardized  methods,  the  teacher  may  construct  in- 
formal tests  suitable  to  his  use.  Such  may  include  simple  recall, 
completion  items,  multiple-choice  items,  matching  exercises. 
Improved  forms  of  essay-type  tests  should  certainly  be  included 
in  a testing  program  for  the  practice  they  alford  in  composition 
and  accurate  expression  of  ideas  in  the  language  of  physics. 

2.  Measurement  of  Scientific  Attitude;  Cause  and  Effect  Relationships 

Six  main  abilities  or  habits  may  be  listed  as  conditions  to  be 
met  in  order  to  possess  the  scientific  attitude;  others  might  be 
included.  These  are  (1)  accuracy  in  all  operations—  calculation, 
observation,  and  report,  (2)  intellectual  honesty,  (3)  open- 
mindedness,  (4)  the  habit  of  looking  for  natural  causes— cause 
and  effect  relationships,  (5)  the  habit  of  suspended  judgment, 
and  (6)  the  habit  of  criticism. ^ The  teacher  may  develop 
his  own  techniques  for  such  measurement  through  observation, 
questioning,  and  discussion. 

Other  Criteria  for  Evaluation 

a.  Provision  for  pupil  participation  in  group  evaluation 

b.  Provision  for  opportunities  for  self-testing  by  the  learner 

c.  Committee  or  group  discussion  and  reports  to  judge  degree  ot 
attainment  of  central  objectives 

d.  Behavior  records  and  anecdotal  accounts  to  gather  evidence,  to 
indicate  progress  with  outcomes  not  readily  measurable  with  formal 
tests 

e.  Some  form  of  progress  chart  to  stimulate  the  piqjil  toward  self- 
evaluation 

Evaluation  should  be  continuous  and  exercised  at  all  phases  of  the 
course  from  initial  planning  to  final  outcomes.  Evaluation  should 
emphasize  how  well  the  pupil  can  use  luhat  he  has  learned  in  fimctional 
situations,  rather  than  only  hoiu  much  he  can  remember. 

Techniques  in  measuring  each  of  these  essentials  are  presented  by  Noll,  “Measuring 
the  Scientific  Attitude,”  in  the  Journal  of  Abnormal  and  Social  Psychology , 30:145-54, 
July,  1935. 
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Student  Self-Appraisal  Check  List  for  Unit  I— Measurement 

The  following  example  of  a student  self-appraisal  exercise  may  be 
mimeographed  and  given  to  students.  It  should  motivate  self-evaluation 
and  participation  and  provide  an  overview.  Similar  check  lists  for  other 
units  may  be  prepared.  Items  should  be  changed  to  suit  local  situations. 

To  the  Physics  Student: 

The  following  questions  are  for  you  to  test  yourself  on  what  you  are  learning.  Do  not  die 

Yes  unless  you  know  and  know  that  you  know. 

1 .  Do  you  know  how  to  use? 

Yes  D.  No 


a.  metric  rule  

1 1 ' 

b.  vernier  caliper  

c.  micrometer  caliper  

d.  balance  

e.  graduated  cylinder  

Do  you  know  what  kind  of  instruments  t 
Yes  D.  No 

1 1 

1 1 

1 1 

1 1 

md  units  are  used  to  measure? 

Yes  D.  No 

a.  length  

1 1 

g.  electric  current 

1 1 

b.  area  

1 1 

h.  heat  

1 1 ' 

c.  volume  

1 1 

i.  speed  of  sound 

1 1 

d.  temperature 

1 1 

j.  light  intensity 

1 1 . 

e.  pressure  

1 1 

k.  work  

1 1 

f.  speed  

1 1 

1.  density  

1 1 

3.  Can  you  explain  the  meaning  of  the  following  words?  i 

Yes  n.  No  Yes  D.  Ni 

k-  gram  I I ] 

1.  hydrometer  . . | | : 

m.  hygrometer  . . | | 1 

n.  kilowatt  | | 

o.  manometer  . , | | 

p.  pyrometer  ...  | | ' 

q.  thermometer  . | | 

r.  thermostat  . . | | 

s.  watt  I I 

t.  wave  length  . | | 

ti.  zero  (absolute)  | | 


4.  Do  you  know  whkh  is  the  larger:  (1)  a gram  or  an  ounce,  (2)  a liter  or  a gallon,  (I 
centimeter  or  an  inch? 

5.  Do  you  know  how  to  read  the  meters  in  your  home? 

6.  What  else  did  you  learn  in  this  unit? 

7.  What  help  did  you  give  to  the  work  of  your  class? 


a.  acceleration 

b.  ampere  .... 

c.  barometer  . 

d.  B.T.U 

e.  caliper  .... 

f.  calorimeter 

g.  candle-power 

h.  centigrade  . . 

i.  foot-pound 

j.  galvanometer 


II 


Unit  II 

MECHANICS  OF  LIQUIDS  AND  SOLIDS 


SCOPE 
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Student  Self-Appraisal  Check  List  for  Unit  II— Mechanics 

OF  Liquids  and  Solids 


1.  Useful  Knowledge 

a.  Do  you  know  how  to  determine  the  density  of  an  irregular 

solid?  

h.  Do  you  know  how  to  determine  the  density  of  a liquid?  

c.  Can  you  explain  and  test  Archimedes’  Principle?  

d.  Do  you  understand  Bernoulli’s  Principle?  

e.  Can  you  test  a storage  battery?  


2.  Vocabulary 

Can  you  use  and  explain  the  following  words? 

Yes  D.  No 


a. 

b. 

c. 

d. 

e. 


buoyancy  . . 
calorie  . . . . 
condenser 
evaporation 
hydraulic  . . 


f. 

g- 

h. 

i. 

j- 


surface  tension 
specific  gravity 
vaporization 

viscosity  

volatility  .... 


3.  Principles  and  Laws 

Can  you  name  six  principles  or  laws  that  explain  or  use  tlie  following  phenomena  (' 
activities? 

Boating,  swimming,  floating,  daily  1 
testing  of  eggs,  dissolving  salt,  etc.  2 

3 

4.  Activities  and  Phenomena 

Can  you  list  five  additional  everyday  activities  or  phenomena  which  illustrate  any  of  t! 
following  principles? 

Litpiid  pre,ssure,  evaporation,  vola-  1.  4.  

tiiity,  capillarity,  osmosis  2.  5.  

3.  


4. 

5. 

f). 


5.  Can  you  explain  what  principle  is  used  in  most  four-wheel  automobile  brakes? 

6.  What  else  did  you  learn  in  this  unit? 

7.  What  help  did  you  give  to  the  work  of  your  class  in  this  unit? 


MECHANICS  OF  GASES 


SCOP 


1 


E AND  SEQUENCE  OF  SCIENCE  TEACHING 


2^59 


c 

i. 

g 


3 

S: 


p** 

I 

( ~ 
o 

g| 

o .b 

— a 

U 

- ^ 


o 

c,  ^ 
c = 

= s 

3 3 

^ rt 
C 

X c 


c 

3 

o 

X 


c, 

a 


3 

s 

.2 

=: 

0 

1 


E ' 

3 ^ 

s = 

c E 

I o 


^Ifl 

C 

u-  ^ = 
Cj 

r3  o-  ^ — 

^rsi 

H 2 

S ^ E -.r 


“ c 
u = c 5 

E El 

5 £t5Z 

r 2 5 E 

c/5  O • — 


-::  o 

o ^ 

.£ 

^ w 

5 0 
b — 

r3  -c 
~ C 
~ rt 

^ b 

^ 0 


c .= 

s J! 

^ c 

?--J£ 

i = 

“ ^ 
r: 

s: 

z o 

2: 

S:  e: 
>2  = ■? 
:>  E.  S s 


.-E 


S 

B 

I 

c/5 

= 

0 

1 

c- 

u 

O 

.= 

O 


00 


240  DEPARTMENT  OF  PUBLIC  INSTRUCTION 

Student  Self-Appraisal  Check  List  for  Unit  III— Mechanics  of  Gases 


1.  Useful  Knowledge 

a.  Can  you  explain  the  difference  between  liquids  and  gases?  . . . 

b.  Can  you  describe  the  effects  of  gravity  on  gases?  

c.  Do  you  know  how  to  construct  and  use  a barometer?  

d.  Do  you  know  how  to  predict  weather?  

e.  Do  you  know  how  to  determine  the  density  of  gases?  

f.  Do  you  understand  how  pumps  work?  

g.  Can  you  explain  how  an  air  brake  operates?  

h.  Can  you  explain  and  apply  Boyle’s  Law?  

i.  Do  you  know  how  a barometer  operates?  

j.  Do  you  understand  the  kinetic  theory?  


Yes  D.  No 


2.  Vocabulary 

Can  you  explain  the  meaning  of  the  following  words? 
Yes  D.  No 


a.  absorption 

b.  adhesion 

c.  condenser  . 

d.  diffusion 

e.  dispersion 


f.  kinetic  

g.  neon  

h.  pneumatic  . . 

i.  refrigeration 

j.  vacuum  . . . . 


Yes 


D. 


No 


3.  Principles  and  Laws 

Can  you  name  six  principles  or  laws  which  explain  any  of  the  following  phenomena 
activities? 


Shooting  a gun,  an  airplane  flying, 
flying  a kite,  steam  engine,  car- 
Ijuretor,  drying  clothes 


3. 


4. 

5. 
(i. 


4.  Daily  Activities  and  Phenomena 

Can  you  list  six  other  everyday  activities  which  illustrate  the  following: 

Boyle’s  Law,  air  pressure,  absorp-  1.  4.  

tion,  diffusion,  condensation  2.  5.  

3.  6.  

Yes  D.  No 

5.  Can  you  explain  the  differences  between  high-  and  low-test 

gasolines?  

6.  What  else  have  you  learned  in  this  unit? 

7.  What  help  did  you  give  to  the  work  of  your  class? 
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distances,  etc. 

Functional  applications 

Answering  summary  or  self -testing 
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Student  Self-Appraisal  Check  List  for  Unit  V— Force  and  Motion 


Useful  Knowledge 

a.  Do  you  know  how  motion  is  measured?  

b.  Can  you  explain  what  happens  when  two  forces  act  on  the 

same  body  at  one  time?  

c.  Can  you  explain  the  meanings  of  gravitational  units?  

d.  Can  you  explain  and  apply  Newton’s  Laws  of  Motion?  

e.  Can  you  determine  the  factors  upon  which  the  period  of  a 

pendulum  depends?  

f.  Can  you  find  the  resultant  of  two  forces  which  act  parallel  to 

each  other?  

g.  Can  you  find  the  resultant  of  two  forces  acting  at  an  angle? 

h.  Can  yoti  keep  time  with  a swinging  stick?  

i.  Can  you  explain  what  to  do  when  a car  skids  sideways?  


Yes  D.  No 


Vocabulary 

Can  you  explain  and  use  the  following  words? 

Yes  D.  No 

a.  acceleration  . . ] 

b.  centrifugal  . . | 

c.  centripetal  ...  | 

d.  component  of 

force  

e.  efficiency [ 


Yes  D.  No 

f.  force  . 

g.  gravity 

h.  inertia 
mass  . 
motion 


Principles  and  Laws 

Can  you  name  six  principles  or  laws  that  explain  any  of  the  following? 

Movement  of  the  earth,  flight  of  a I.  

struck  ball,  work  of  a steam  shovel,  2.  

a falling  apple.  3.  


4. 

5. 

6. 


Daily  Activities  and  Phenomena 

Can  you  list  six  additional  everyday  activities  or  phenomena  which  ilhistrate  any  of  the 
following: 

Oscillation,  gravity,  inertia,  mo-  I.  4.  

mentum,  motion,  acceleration,  com-  2.  5.  

ponent  of  force  3.  (i.  

IVs  D.  No 

Can  you  explain  how  a Babcock  milk  tester  works?  | | | 

What  else  have  you  learned  in  this  unit? 

What  help  did  yoti  give  to  the  work  of  your  class? 


WORK,  POWER,  MACHINES,  AND  ENERGY 
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Student  Self-Appraisal  Check  List  for  Unit  VI— 4Vork, 
PowER^  Machines,  and  Energy 


Useful  Knowledge 

a.  Can  you  measure  the  rate  and  amount  of  work?  

b.  Can  you  explain  what  is  meant  by  power  in  a machine?  

c.  Can  you  explain  how  friction  is  of  benefit  to  you?  

d.  Do  you  know  how  the  slope  of  a road  grade  is  measured?  .... 

e.  Can  you  use  the  formulas  for  motion,  force,  momentum,  work, 

and  energy?  

f.  Can  you  explain  what  factors  affect  friction?  . 

g.  Can  you  name  and  explain  the  principles  of  six  simple  ma- 
chines?   

h.  Do  you  know  how  to  test  the  efficiency  of  a pulley  system?  . . . 

i.  Can  you  explain  the  operation  of  a four-cycle  engine?  

j.  Do  you  know  what  is  the  numerical  relationship  between  the 
speed  of  an  automobile  and  the  distance  needed  to  stop  it?  ... 


Vocabulary 


Can  you  explain  and  use  the  following  terms? 

Yes  D.  No 


a.  erg 

b.  foot-pound 

c.  force  

d.  friction 

e.  fulcrum  . . 


f.  borsepower 

g.  kinetic 

h.  torque 
i.  turbine 

).  work  


Principles  and  Laws 

Can  you  name  six  principles  or  machines  which  are  involved  in  any  of  the  following? 

Oil  rig,  steam  shovel,  windlass,  1.  

weighing  coal,  lubrication,  auto-  2.  

mobile  clutch,  cam  3.  


4. 

5. 

6. 


Daily  Activities  and  Phenomena 

Can  you  name  six  additional  everyday  activities  which  illustrate  any  of  the  following 
principles  or  machines? 

lever,  inclined  plane,  pulley,  work  1.  4.  

gear  ratio,  friction  2.  ,5.  

3.  6.  


Can  you  describe  the  meaning  and  use  of  the  following  formulas? 


a. 

F X D _ 

t 

b. 

F X D _ 

t min  X 33,000 

c. 

HP  output  _ 

HP  input 

d. 

BHP  

e. 

B H P X 33,000 

(lb.  of  fuel  per  min.  x heat  value  of  fuel)  x J 


Content  Objectives  Learning  Experiences 

Problems  '•  Overvievj  (by  teacher) 
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DEPARTMENT  OF  PUBLIC  INSTRUCTION 


Student  Self-Appraisal  Check  List  for  Unit  VII— Heat 


I.  Useful  Knoiuledge 

a.  Can  vou  make  a thermometer?  

Id.  Do  yon  understand  “specific  heat”?  

c.  Do  you  know  how  heat  causes  expansion?  

d.  Can  you  explain  how  heat  causes  a change  in  the  state  of 

matter?  

e.  Do  you  know  what  determines  humidity?  

f.  Can  you  explain  how  heat  energy  is  transferred  from  one  place 

to  another?  

g.  Do  you  understand  why  clouds  do  not  fall?  

h.  Can  you  explain  how  Charles’  law  operates?  

i.  Do  you  know  why  evaporation  produces  cooling?  

j.  Can  you  explain  how  to  insulate  a house?  


2-  Vocabulary 

Can  you  explain  the  meanings  of  the  following  terms? 

Yes  D.  No 


a. 

b. 

c. 

d. 

e. 


B.T.U.  . . . 

calorie  . . . 

centigrade 

coefficient 

expansion 

conduction 


of 


f. 


h. 


convection  . . 
radiation  . . . 
specific  heat 
thermal  ... 
thermograph 


Yes 


D. 


No 


3.  Principles  and  Laws 

Can  you  name  six  principles  or  machines  that  are  involved  in  any  of  the  following? 

Oiling  machinery,  comparison  of  1.  4.  

heating  values  of  fuels,  calorimeter,  2.  li.  

electric  refrigerator,  heating  pad,  3.  6.  

insulation,  heat  lamp,  clothing 

4.  Daily  Activities  arid  Phenomena 

Can  you  name  six  additional  everyday  activities  or  phenomena  which  illustrate  any  i 
the  following  laws  or  principles? 

Expansion  and  contraction,  trans-  1.  4.  

formation  of  energy,  friction,  radia-  2.  5.  

tion,  insulation  3.  6.  

5.  Can  you  understand  and  use  the  following  formulas?  Yes  D.  No 

5 

a.  (F  - 32)  x — — 

9 

9 

1).  - C + 32  = 

5 

Change  in  length 

c.  — 

Original  length  x temperature 

New  volume 

' 

New  absolute  temp. 

New  pressure 


Original  volume 

d.  2 

Original  absolute  temp. 

Original  pressure 


Original  absolute  temp. 


New  absolute  temp. 


MAGNETISM  AND  STATIC  ELECTRICITY 


SCOPE  AND  SEQUENCE  OF  SCIENCE  TEACHING 
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250  DEPARTMENT  OF  PUBITC  INSTRUCTION 

Student  Self-Appraisal  Check  List  for  Unit  VIII— 
Magnetism  and  Static  Electricity 


1.  Useful  Knowledge 

a.  Can  yon  make  a magnet?  

I).  Can  yon  explain  magnetism?  

c.  Can  yon  explain  how  a compass  operates?  

d.  Do  von  understand  .how  a condenser  works  in  a radio?  

e.  Can  yon  exjrlain  the  cause  and  nature  of  lightning?  

f.  Do  yon  know  how  magnetism  and  electricity  are  related?  .... 

g.  Do  yon  understand  the  structure  of  an  atom?  

h.  Can  yon  explain  why  some  materials  are  nonconductors?  .... 

i.  Can  yon  state  some  safety  ritles  and  first  aid  concerning  elec- 
tricity?   

j.  Can  you  discuss  the  discoveries  of  Franklin  and  Faraday?  . . . . 


2.  Vocabulary 


Can  yon  cx|)lain 

a.  ampere  

1).  anode  

c.  condenser  . . 

d.  electron  .... 

e.  induction  . . . . 


and  use  the  following  words? 


f. 

g- 

h. 

i. 

.)• 


Leyden  jar  . . 

neittron  

proton  

resistance 
Roentgen  ray 


3.  Principles  and  Laws 

Can  yon  name  six  principles  or  laws 
•Sparks  from  a rubber  comb,  chain  1 
at  rear  of  a gasoline  truck,  snap-  2 

ping  on  a radio,  lightning,  Tesla  3 

coil,  spark  coils. 


which  explain  any  of  the  following? 

4. 

5. 

6. 


4. 


5. 


Daily  Activities  and  Plie720inena 

Can  yoti  list  six  additional  daily  activities  or  phenomena 
following? 

Positive  and  negative  charge,  mag-  1.  

netism.  condensers,  electromagnet,  2. 

cutting  lines  of  magnetic  forte,  3. 

induction. 

Can  yoti  demonstrate 

a.  That  electrical  charges  can  be  produced  by  friction? 

b.  That  like  charges  repel;  unlike  attract?  

c.  That  there  is  an  electric  field  around  a magnet?  

cl.  That  there  are  two  kinds  of  electrical  charges?  

e.  Flow  a condenser  operates?  


which  illustrate  any  of  the 

4. 

5. 

fj. 


Yes  D.  No 


6.  What  else  have  you  learned  in  this  unit? 

7.  \Vhat  help  did  you  give  to  the  work  of  your  class? 


CURRENT  ELECTRICITY;  ELECTROMAGNETISM 


SCOPE  AND  SEQUENCE  OF  SCIENCE  TEACHING 


SCOPE  AND  SEQUENCE  OF  SCIENCE  TEACHING 


253 


V 

S 

e 

• M 

B 

0 

u 


S 

CD 

NH 

H 
U 
Z 
O 

§ 

o 

DS 
H 
U 

^ W 


QJ 

3 

_3 

•w 

3 

O 

U 


5 U 
cc 

H 

CJ 

H 


•S 

‘-j 


o 

<D 

(J 

c 

rt 

c/3 

C« 

OJ 

}h 

CJ 


a 

a. 


n 

c/3  *u 


S 

<L> 


(J 

(J 


CJ 

JD 

{m 

O 


b£) 

c 


a 

o 


JJ 


CL 

CL 


be 

C 


^ O 
^ > 


J2 

.5 

0 

re 

r| 

QJ 

(J 

c 

c 

QJ 

u 

O 

re 

<o 

Qj 

[u 

o 

<n 

QJ 

CO 

re 

U 

QJ 

te 

£ 

o 

u 

^QJ 

re 

QJ 

be 

re 

CO 

L 

L 

o 

s 

L 

QJ 

a- 

CO 

L 

QJ 

.«o 

C 

L 

5 

(j 

a; 

QJ 

be 

re 

CO 

U 

c 

£ 

Nj 

Qj 

u 'V 

o c 

C 

re 

C/3 

1 

be 

(J 

'q; 

QJ 

QJ 

"qj 

Qj 

'qj 

Li 

O 

CO 

>> 

'o 

L 

"C 

QJ 

U 

CM 

O 

>- 

Cm 

0 

CO 

QJ 

L 

o 

«M 

CO 

CO 

H 

Qj 

>s 

CJ 

c 

CO 

QJ 

re 

QJ 

QJ 

QJ 

QJ 

L> 

2 

'O 

M 

C 

L‘ 

re 

o 

QJ 

QJ 

-C 

QJ 

CO 

QJ 

re 

su 

2 

re 

p:; 

h 

ffi 

h 

h 

h 

h 

W 

c 

O 

U 

c 

re 

Li 

h 

tj  'iJ 
<L 

K 

1^  C3  .D  LJ  'w  cJ 


be  ^ ~ ^ ■ p c 


/?!  3 S 
M ^ 


2 

o 


V 

c 

o 

>>£r 

^ o 
^ « 

C Gj 
^ bJO 
c3 

> 

c 2 


o 

c 

o n 
be 

73  - 

Qj  C/3 

— O 

o ^ 
c 

u *S 


bC-C 

c c 
re 

c . 

5 bX) 

c/3  C 

o ’S- 

*w 

S o 


>->  ‘ • 

r -c  52 

’c/3  bo  S 

c/5  re 

oj  5-< 


<L 


QJ  I QJ 

?5  c/3  r 

•£  C £ 
re  o 

*■"  r* 

C4-I  ■W  -i-< 

O _ o 

be  £ 
ce- 


re 

T/ 

>- 


w u 

C “U 

^ '■ 

bo 


, QJ 


5 SPe 

e 


-.5  6 


re  o 
CJ 


re  ^ 
c 

.S  o 
« S 

bo 

c ^ 
h 3 S 


■"  « « 

= cp.2 

” 2U 

2 u 
re  Qj 
bo 

u- 
h c 


^ c 
o o . 

c ■§  ■ 
o ^ 


gDo  . 


e: 


re 

be  - 


: ^ o 

[ ^ re 
i ^ 

c«  o 
! e u 
c 

■c  .£ 

i a 

C ^ 

c ^ 


'O 

QJ 

c/3 

a 

bo 

bo 


re 

S w 

c .b 
■e  ^ 

re 

b 

CO 

C 

'£ 

CO 

c '5 

cz 

b0“ 
O L 

bo  o 
~x  ^ 

bo 

Q 

L 

V3 

O 

L 

Qj 

*w 

h .£ 

heS 

> 3 

0 

L 

c 

Cm 

c 

01 

- 

CO 

Tf' 

EO 

o 

the 

im- 

CL 

E 

QJ 

be 

re 

>-  QJ 

c b: 

• M rx. 

u 

3 

re 

c 

CO 

T 

:> 

QJ 

Li 

o 

•S  c 

C 

Li 

QJ 

L 

O C 

QJ 

CO 

QJ 

- Li  L 

if 

QJ 

L 

- c 

"O 

re 

M b Jh 

-G  b 3 

're 

W 

C OJ 
QJ  c 

re 

'O 

re- 

L 

£ 

c 

QJ 

rx. 

£ QJ 

L 

QJ 

QJ 

re 

CO 

2 

^ c-2 

CO 

o 

QJ 

re 

U 

QJ 

re 

QJ 

CL  5m 
0 ^ 
r t JC 

CO 

•5 

L 

QJ 

> 

QJ 

L 

o t 
re  QJ 

c if 

re 

QJ 

re 


C 

^ re 


QJ  -C 

> be 


c 

w re 

<j  ~ 


O ^ be 


03 

2 

do 

Qj 

QJ 

was 

re 

p 

G 

U 

C 

rx. 

Ij 

CO 

c 

.2 

QJ 

0 

CO 

0 

> 

"G 

QJ 

re 

£ 

re 

L. 

.M" 

QJ 

G 

Ck 

X 

a. 

QJ 

a. 

p 

X 

re 

u 

X 

2-  i§ 


3 C 

C . 

U 00 

>32  > 

C re  re  c 

E S S I 


u 

< 

^ QJ 


° o 

C C 

c QJ 

C c 

“ *2:  c 

re  c c/3 

^ QJ  p- 


QJ  QJ 
U 

re  c 


c ^ 

o re 


Qj  O 
boO 
re  o 


o 

2 o 


U c 


C bo 

r*  c 


c 

> 

QO 

re 

c 

re 

u 

> 

c 

3: 


Qj 

re 

u 

Qj 

CL 

O 


CM 

CO 

Ol 

CL 

QJ 

QJ 

C/3 


s 


2 

k, 


bo 


C 

•—  u 


>->  CL 

i“  c/3 

QJ 


c b 
•2  o 


E c 

c/3 

C 


o 

o 

CO 

<M 


O 

bo 

bo 


c/3  QJ 
QJ  > 

c r: 


bo  S 


>-  CL 


rt. 
QJ 
£ 
o 


X£ 


M 


STUDYING  CURRENT  ELECTRICITY 


254 


DEPARTMENT  OF  PUBLIC  INSTRUCTION 


Student  Self-Appraisal  Check  List  for  Unit  IX— Current 
Electricity;  Electromagnetism 


1.  Useful  Knowledge  Yes  D.  No 

a.  Can  you  make  a voltaic  cell?  

I).  Can  you  connect  cells  in  series?  In  parallel?  

c.  Do  you  understand  what  factors  determine  voltage  and 

amperage?  

d.  Can  you  explain  the  relationshi|)s  between  volts,  amperes,  and 

ohms?  

e.  Do  you  know  what  factors  influence  resistance?  

f.  Do  you  know  what  Edison,  .Steinmelz,  and  Volta  have  contrib- 
uted to  science?  

g.  Can  you  explain  how  an  electric  current  can  produce  light  and 

heat?  

h.  Can  you  explain  how  electricity  can  run  a motor?  

i.  Can  you  explain  how  a dynamo  can  generate  electricity?  

j.  Do  you  know  the  dilference  between  A.C.  and  1).  C.  current? 


2.  Vocabulmy 

Can  you  explain  and  u.se  the  following  words? 

Yes  D.  No  Yes  D.  No 

f.  polarization  . 

g.  resistance  .... 

h.  rheostat  

i.  storage  cell  . . 

j.  Wheatstone 

bridge  


3.  Principles  and  Laws 

Can  you  name  six  principles  or  laws  which  explain  any  of  the  following? 

Electroplating,  fuse  blowing  out,  1.  4. 

electric  welding,  transformers,  auto-  2.  5- 

mobile  starter,  electric  iron  3.  h- 

4.  Daily  Activities  and  Phenomena 

Can  you  list  six  additional  daily  activities  and  phenomena  which  will  illustrate  any  of  the 
following? 


a.  electrolysis 

b.  electrolyte  . . . 

c.  E.M.F 

d.  prelixes:  meg, 

kilo,  milli,  mi- 
cro   

e.  photo-electric  . 


Ohm’s  Law,  polarization,  electron  1.  4. 

How,  current  flow,  resistance,  con-  2.  . 

ductance  3.  h- 


Can  you  understand  and  u.se  the  following  h)rmula? 
E 

a.  I = - 

R 


Yes  D.  No 


6.  What  else  have  you  learned  in  this  unit? 

7.  What  help  did  you  give  to  the  work  of  your  class? 
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Student  Self-Appraisal  Check  list  for  Unit  X— Sound 


1.  Useful  Knoivledge 

a.  Do  you  know  how  sound  is  procluccil  and  liow  it  travels? 

I3.  Do  you  understand  how  sound  affects  the  ears?  

c.  Can  you  explain  how  two  sounds  can  produce  silence?  

d.  Can  you  explain  how  an  atitomobile  muffler  works?  

e.  Do  you  know  what  creates  good  acoustics  in  a theater?  

f.  Can  you  explain  the  difference  between  noise  and  music? 

g.  Do  you  know  how  many  intervals  there  are  on  an  evcn- 

tempereci  scale?  

h.  Do  you  know  what  maximum  noise  level  is  considered  desir- 
able in  an  office?  

i.  Can  you  draw  a diagram  of  a telephone  transmitter  and 

receiver?  

j.  Can  you  describe  the  difference  between  pitch  and  loudness?  . . 


Yes  D.  A'o 


2.  Vocabulary 

Can  you  explain  and  use  the  following  words? 

a.  beat  

b.  chord  

c.  chromatic  scale 

d.  decibel  

e.  diatonic  scale  . 


Yes  D.  No 


Yes  D.  No 

f.  discord  . 

g.  echo  . . . 

h.  frequency 

i.  node  . . . 

j.  octave  . . 


3.  Prmciples  and  Laws 

Can  you  name  six  principles  or  laws  which  explain  any  of  the  following? 

Singing,  listening  to  music,  speak-  1.  4.  

ing,  bell  ringing,  whistling,  radio,  2.  5.  

phonograph,  telephone,  sonar.  3.  (i. 

4.  Daily  Activities  and  Phenomena 

Can  you  list  six  other  daily  activities  or  phenomena  which  illustrate  any  of  the  following? 

How  sound  is  transmitted,  volume  of  1.  4.  

sound,  absorption  of  sound,  pitch,  2.  d. 

sympathetic  vibrations,  acoustics.  3.  (i.  

5.  Cati  you  demonstrate  ;Vo 

a.  How  to  meastire  the  speed  of  sound?  | | 

b.  Methods  of  noise  control?  | | 

c.  How  to  measure  distance  by  sound?  | | 

d.  The  measurement  of  wave  lengths?  | | 

e.  Overtones?  I I 


6.  What  else  did  you  learn  in  this  unit? 

7.  What  help  did  you  give  to  the  work  of  your  class? 
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Student  Self-Appraisal  Check  List  for  Unit  XII— Electronics 

1.  Useful  Knowledge 

a.  Can  you  explain  how  X rays  are  produced?  

b.  Do  you  understand  the  nature  of  radioactivity?  

c.  Can  you  explain  the  structure  of  an  atom?  ’ 

d.  Can  you  indicate  by  diagram  bow  the  nuclear  energy  in  the 

uranium  atom  is  released?  ^Vhat  is  the  effect?  

e.  Can  you  explain  some  of  the  problems  that  had  to  be  solved 

before  tbe  atomic  bomb  was  perfected?  

f.  Do  you  know  horv  the  energy  of  uranium  atomic  fission  com- 
pares with  that  of  an  equal  amount  of  coal?  

g.  Can  you  explain  the  nature  of  radio  waves?  

h.  Can  you  discuss  the  uses  of  radium,  X rays,  and  atomic  energy 

by  man?  

i.  Do  you  know  what  contributions  to  science  have  been  made  bv: 

Crookes.  Thompson,  Roentgen.  Edison,  Marconi,  and  DeForest? 

j.  Can  you  explain  how  to  save  yourself  from  an  atomic  bomb 

explosion  in  open  country?  In  a city?  In  a house?  

2.  Vocabulary 

Can  you  explain  and  use  the  following  words  or  terms? 

Yes  D.  No  Yes  D.  Ko 

m.  iconoscope  . . 

n.  kinescope  . . . 

o.  magnetic 

pickup  

p.  plate  

q.  proton  

r.  radar  

s.  radioactivity 

t.  “snooper- 
scope”   

u.  thermo  couple 

v.  triad  

w.  ultra-violet 
X.  vitamin  D . . . 

3.  Principles  and  Laws 

Can  you  name  ten  principles  or  laws  which  explain  any  of  the  following? 


atom  bomb,  radio  waves,  video. 

1. 

fi. 

sun-tanning,  photography,  electric 
eye,  radar,  electron  microscope 

Q 

7. 

3. 

8. 

4. 

Q 

10. 

1.  Daily  Activities  and  Phenomena 

Can  you  list  six  other  activities  or 
fluoroscope,  vitamin  D,  kilocycles 
modulation,  radio  frequency  waves, 
audio  frequency 

Continued 

phenomena  which  illustrate 
1. 

the  following? 
4. 

9. 

.4. 

3. 

6. 

at  bottom  of  opposite  page 

a.  alpha  rays  . . . 

b.  beta  rays  .... 

c.  cathode  rays  . 

d.  chain  reaction 

e.  cyclotron  .... 

f.  electromag- 
netic spectrum 

g.  filament  

h.  fission  

i.  fluoroscope  . . 

j.  gamma  rays  . . 

k.  Geiger  counter 

1-  grid  


les  D.  No 
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Unit  XIII— A Life  Problem  Unit 

WHY  IS  PRECISION  NECESSARY? 


OBJECTIVES 

General: 

To  develop  a realization  of  the  economic  necessity  for  an  accurate  system  of  weights 
and  measures;  and  an  understanding  of  the  origin  and  development  of  our  present 
system 

Specific: 

To  compare  the  English  and  the  metric  systems  of  units  and  measurements,  and  the 
relative  merits  of  each 

To  develop  a certain  degree  of  skill  in  tlie  use  of  tools  and  measurement:  the  metric 
rule,  the  vernier  and  micrometer  calipers,  the  balance 

To  appreciate  the  need  for  and  the  use  of  precision  instruments  in  the  world’s 
work 

To  stress  the  importance  of  reading  labels  on  all  goods  purchased 
OVERVIEW 

Man’s  progress  really  started  when  he  stopped  guessing  and  began  to  make  measure- 
ments. 'The  modern  automobile  is  an  intricate  product  and  each  part  must  fit  with 
precision;  hence  it  must  be  manufactured  in  accordance  with  strict  standards  of  meas- 
urements. These  parts  may  be  manufactured  in  as  many  as  60  to  100  different  plants 
and  brought  together  on  the  assembly  line;  thus  we  can  see  how  a common  system  of 
measurement  must  be  used  and  all  instruments  of  measurement  calibrated  to  a stand- 
ard. Engineers  speak  of  the  measurements  of  parts  for  large  machines  in  thousandths 
of  an  inch  and  the  parts  of  a watch  are  measured  in  ten-thousandths  of  an  inch.  The 
parts  of  a large  suspension  bridge  are  all  manufactured  previous  to  assembly  and 
according  to  specifications  of  its  architect  and  designing  engineer;  yet  when  com- 
pleted, everything  fits  to  within  a small  fraction  of  an  inch.  Engineers  are  able  to 
tunnel  under  the  Hudson  River,  starting  from  both  sides  simultaneously  and  meet  ex- 
actly in  the  center.  All  this  and  more  is  made  possible  because  man  has  invented 
systems  and  tools  for  making  such  fine  measurements. 

Did  you  ever  try  to  build  anything  which  called  for  measurements?  Did  your  fin- 
ished product  have  all  parts  fitting  perfectly  and  the  finished  dimensions  exactly  as 
planned? 

Only  in  recent  years  have  units  for  measuring  various  physical  quantities  become 
standardized.  Some  of  the  sources  of  units  used  in  ancient  and  modern  times  are 
quite  amusing.  What  is  the  cubit  used  in  Bible  times?  How  much  is  a handful?  A 
pinch?  A machinist  today  can  measure  accurately  to  two-millionths  of  an  inch.  Pre- 
cision in  measuring  is  all-important  today.  It  would  also  be  a boon  to  manufacturing 
firms  if  there  were  a universal  system  of  measurements  which  would  eliminate  the 
need  to  translate  specifications  from  one  system  to  another  for  foreign  trade. 
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regulating  weights,  scales,  and  measuring  4.  IVorhing  problems  tvifh  metric  units  of 
devices  used  by  merchants  measurement 

Continuous  use  of  references 

5.  Answering  summary  or  self-testing  ex- 
ercises 
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SURVEY  QUESTIONS 

1.  Does  the  size  oi  a package  tell  you  how  much  is  in  it? 

2.  Can  you  tell  how  much  a container  holds  by  just  looking  at  it? 

3.  Do  you  know  the  basic  units  of  the  metric  system? 

4.  Do  you  know  the  origin  of  the  metric  system?  Which  unit  was 
developed  first? 

5.  a.  Is  it  safe  to  assume  that  a steel  tape  used  to  measure  distances 

purchased  at  one  store  is  as  accurate  as  one  purchased  at  another? 

b.  What  precautions  are  taken  in  manufacturing  steel  tapes  to  as- 
sure a reasonable  degree  of  accuracy? 

c.  What  precautions  are  taken  by  governmental  agencies  to  insure 
the  public  of  accurate  measure  when  purchasing  materials? 

6.  Do  all  the  countries  of  the  world  use  a common  system  of  weights 
and  measures? 

7.  Can  you  give  any  disadvantages  in  using  more  than  one  system  in 
world  trade? 

8.  What  is  the  legal  unit  of  length  in  the  United  States? 

9.  What  kind  of  measurements  should  be  made  with  the  vernier  caliper? 
With  the  micrometer  caliper? 

10.  Why  are  precise  measurements  essential  in  scientihc  work?  In 
industry? 

MATERIALS 

Meter  sticks,  graduated  cylinders  (25,  50,  and  250  ml.)  , platform 
balance  (at  least  three  to  a class  of  12)  , beam  balance,  vernier  calipers, 
micrometer  calipers,  objects  of  varying  sizes  and  material  to  be  measured, 
wire  of  different  diameters,  small  cylinders  (solid  and  hollow) , weights, 
packages  of  cereal,  canned  goods,  etc. 

Textbook  and  a study  guide.  This  may  be  mimeograj^hed  directions 
constructed  by  the  teacher  or  by  teacher  and  pupils  or  may  be  a good 
workbook 

QUESTIONS  EOR  SELF-EVALUATION 

These  questions  are  not  to  be  attempted  U7}til  the  learner  feels  that 
he  has  satisfactorily  completed  his  study  of  the  unit.  They  should  be 
treated  as  a self -exanimation  and  not  as  a tool  for  determining  school 
marks. 

1.  What  nation  originated  the  metric  system? 

2.  What  was  the  hrst  unit  established?  Define  it. 

3.  This  compares  roughly  to  what  English  unit? 

4.  What  units  are  used  in  the  laboratory  to  measure  small  lengths? 

5.  What  is  the  common  unit  of  volume  used  in  the  laboratory? 

6.  The  metric  unit  of  capacity  (liquid  measure)  is  the . 

7.  This  unit  is  equal  to  the  volume  of  a cube  cm.  on 

each  edge. 
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8.  What  is  the  metric  unit  of  mass  (weight)  ? 

9.  This  is  the  weight  of  one of  water. 

10.  It  is  equal  to  pounds. 

11.  What  unit  of  weight  is  most  commonly  used  in  tlie  laboratory? 

12.  This  is  the  weight  of  one  of  water. 

13.  Approximately  how  many  grams  in  an  ounce? 

14.  Express  3.54  m.  as  centimeters.  . 

15.  Express  the  same  length  as  millimeters. 

16.  What  is  the  volume  of  a box  6 cm.  x 15  cm.  x 1.2  m.? 

17.  What  is  the  weight  in  grams  of  the  water  this  box  would  hold? 

18.  What  is  its  weight  in  kilograms? 

19.  Is  a 100-meter  dash  more  or  less  than  a 100-yard  dash? 

20.  How  many  kilometers  between  two  cities  that  are  56  miles  apart? 

21.  What  measurements  should  be  made  with  the  vernier  caliper? 

22.  What  measurements  should  be  made  with  the  micrometer  caliper? 

23.  Name  several  industries  or  trades  where  use  of  micrometers  or 
verniers  is  essential  for  measuring? 

24.  If  you  were  going  to  replace  a water  pipe,  would  you  measure  its 
inside  or  its  outside  diameter?  Why? 

25.  Which  has  the  larger  diameter,  a wire  with  a small  size  number, 
or  one  with  a large  size  number? 

Evaluation 

1.  Try  to  answer  the  survey  questions  on  pages  266-267  correctly. 

2.  Answer  the  questions  for  self-evaluation  without  reference  to  text- 
book or  notes;  then  check  your  answers  with  a text  or  a master 
sheet  secured  from  your  teacher. 

3.  Your  teacher  may  wish  to  discuss  parts  of  the  unit  with  you  to  sec 
how  well  you  have  mastered  the  questions;  or  you  may  wish  to  dis- 
cuss the  items  with  groiqjs  of  your  fellow  students. 

4.  Take  the  unit  test  and  evaluate  your  results. 
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Unit  XIV— A Life  Problem  Unit 
PHYSICS  AND  THE  AUTOMOBILE 

OBJECTIVES 

General 

1.  To  promote  a better  understanding  of  the  complexity,  the  care, 
and  the  efficiency  of  the  automobile 

2.  To  make  students  familiar  with  the  basic  operation  of  the  various 
units  of  which  a car  is  contructed  and  to  shotv  hotv  the  principles 
of  physics  are  involved  in  the  operation  of  the  automobile 

Specific 

1.  To  develop  attitudes  that  will  cause  students  to  become  better 
drivers  because  of  an  understanding  of  the  safety  limitations  of 
the  automobile 

2.  To  bring  out  basic  concepts  which  will  make  future  drivers  better 
qualified  with  regard  to  economy  in  the  operation  of  the  automolule 

3.  To  make  students  aware  of  the  gradual  development  of  the  auto- 
mobile and  how  man  has  been  affected  by  this  development 

4.  The  realization  that  men  are  constantly  stricing  to  make  life  more 
pleasant  and  more  safe  by  new  developments  in  the  automotive- 
field 

5.  To  develop  the  realization  tliat  science  plays  an  ever  increasingly 
important  role  in  all  of  the  basic  industries  of  the  country 

BASIC  ORIENTATION  AND  ORGANIZATION 

1.  A discussion  period  with  the  class  should  be  held  at  the  outset  to 
determine  method  of  attack  and  general  j^lan  to  be  followed  in 
this  unit,  also  types  of  materials  to  be  used  during  the  research 
period,  where  they  may  be  found,  length  of  time  to  be  allotved 
for  research,  methods  of  culminating  activity,  and  tentative  dates 
for  reports 

2.  Divide  the  unit  into  six  parts 

a.  History  of  the  automobile 

Stress  pioneers  in  the  field— The  evolution  of  the  automobile 
to  the  present  day.  Make  use  of  pictures  and  films 

b.  The  power  unit,  including  engine  fuel  system,  lubrication  and 
cooling 

Stress  basic  operations— principles  of  physics  involved 

c.  The  power  train:  clutch,  transmission,  drive  shaft,  and  differen- 
tial 

Stress  operation— principles  of  physics  involved 

d.  The  frame,  body,  steering  and  suspension  systems 

Stress  operation— basic  principles  of  physics  involved.  Make 
use  of  pictures,  drawings,  and  films 

e.  The  braking  and  electrical  systems 

Principles  of  physics  involved.  Use  diagrams  and  hlms 

f.  New  developments  in  the  automotive  field 

Use  pictures,  diagrams,  and  charts 
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3.  Class  organization 

Allow  class  to  divide  itself  into  six  groups  and  select  the  topic  in 
which  each  group  is  most  interested.  Each  group  should  select  a 
chairman,  so  that  the  work  of  the  group  can  proceed  efficiently 

SUPERVISED  ACTIVITIES 

1.  Permit  students  to  organize  their  work  in  their  groipis.  Teacher 
should  be  prepared  to  suggest  activities,  sources,  and  other  in- 
formation to  each  group 

2.  During  class  periods  students  should  be  allowed  and  encouraged 
to  go  to  libraries,  and  to  study  available  films  and  filmstrips  and 
models  in  preparation  for  their  reports 

3.  Students  should  be  allow'etl  and  encouraged  to  visit  salesrooms, 
and  garages,  to  interview  expert  automobile  mechanics,  salesmen 
and  garage  owners,  and  to  send  to  automobile  companies  for  free 
literature  on  the  car  at  any  available  time 

4.  Several  days  for  this  study  should  be  allowed,  and  two  or  three 
field  trips  to  garages  shoidd  be  arranged 

5.  A field  trip  to  the  automotive  shop  of  the  school,  if  the  school  has 
such  a shop,  would  be  very  helpful 

CULMINATING  ACTIVITIES 

Oral  reports  by  the  group  chairmen  or  other  individuals,  depending 
upon  the  setup  within  the  group.  Films,  filmstrips,  diagrams, 
pictures,  models,  and  automobiles,  with  verbal  explanations  by 
students,  should  make  up  these  reports 

EVALUATION 

Any  tests  used  should  be  general  in  nature  and  based  on  reports 
given  and  attitudes  which  have  been  developed 


Unit  XV— A Life  Problem  Unit 

HOW  DID  WE  GET  OUR  LIGHTING? 

INTRODUCTION 

This  report  on  the  history  of  artificial  lighting  from  the  early  torch 
to  the  modern  incandescent  lamp,  cuts  across  the  so-called  subject 
boundary  lines.  The  area  of  interest  includes  not  only  the  subject  matter 
of  physics,  but  also  that  of  chemistry,  ancient  history,  and  mythology. 
Students  will  develop  needed  understandings  and  expanding  concepts 
of  their  environment. 

The  student,  with  proper  understanding  of  the  selected  project  and 
with  proper  guidance,  naturally  follows  the  pattern  as  developed  herein. 
Some  will  make  a chart  listing  the  discoveries  in  chronological  order; 
some,  a large  drawing  of  the  various  types  of  artificial  lighting  systems, 
with  suitable  inscriptions  or  labels  underneath  each  type;  others  will 
make  models  or  obtain  replicas  of  each  type  of  artificial  light.  Each 
person  works  on  such  a project  in  his  own  way  and  thereby  reveals  his 
interests,  attitudes,  ideals,  habits,  and  general  behavior  patterns. 
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The  trend  toward  a lunctional  curriculum  results  in  the  teaching 
o£  the  whole  person.  Unitary  organization  of  subject  matter  and 
learning  exercises  are  enprhasized  with  decreasing  fragmentary  assign- 
study-recite-test-restudy-retest  sequence. 

The  following  report  may  be  termed  a creative  project  on  artificial 
lighting. 

STUDENT  PROJECTS 

Student  planning  and  research,  individually  or  by  committee,  may 
develop  the  following  types  of  construction  demonstrations  and  reports: 

1.  The  Torch 

Torches  and  camp  hres  gave  man  his  first  means  of  light,  and  are 
today  the  only  man-made  light  of  some  primitive  peoples. 

The  Shetland  Islanders  used  to  make  a torch  by  sticking  a wick  in 
the  throat  of  a fat  stormy  petrel,  and  the  Indians  of  the  North  Pacific 
coast  made  similar  use  of  a little  dried  fat  smelt  called  the  candlefish. 

2.  Stone  Lamp 

Many  well-wrought  terra-cotta  lamjrs  have  been  found  in  long-buried 
cities  in  Mesopotamia,  some  dating  to  7000  or  8000  B.C. 

The  lamp  of  the  cave  dweller,  by  the  light  of  which  he  scratched 
strange  drawings  on  the  cave  walls,  was  made  of  an  animal’s  skull,  a 
sea  shell,  or  a hollowed  stone.  With  a rude  wick  of  moss,  vegetable  fiber, 
or  rushes,  it  burned  animal  fat  or  fish  oil.  This  type  of  lamp  the 
Eskimos  and  some  Laplanders  use  today. 

3.  Metal  Lamps 

Metal  lamps,  made  of  bronze  by  prehistoric  lake  dwellers,  have  been 
found  in  Swiss  lakes.  The  traditional  “lamp  of  learning”  of  ancient 
Greece  and  Rome,  was  a shallow  round  or  oval  dish,  of  terra  cotta  or 
metal,  with  a handle  at  one  end  and  a spout  for  a cloth  or  tow  wick  at 
the  other. 

The  “Betty  lamps”  were  brought  to  America  by  the  Puritans  on  the 
Mayflower.  They  were  of  Dutch  origin  and  made  first  of  iron,  then 
of  tin  or  brass.  Benjamin  Franklin  is  credited  with  introducing  two 
wicks  close  together  to  give  brighter  light  and  less  smoke  and  using  flat 
wicks  made  of  closely  braided  cotton. 

4.  Oil  Lamps 

Aime  Argand,  a Swiss  chemist,  revolutionized  lamps  (in  the  18th 
century)  by  placing  a flat  wick  around  a hollow  tube,  allowing  air  to 
reach  the  center  of  the  flame.  With  more  air  and  a better  draft,  the 
flame  burned  more  carbon  and  gave  less  smoke.  By  adding  a glass 
chimney  he  made  the  lamp  completely  smokeless.  He  was  granted  a 
French  patent  on  this  improvement  in  1784. 

Many  modifications  of  this  lamp  were  introduced. 
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5.  Camphene  Lamp» 

About  1850,  camphene,  made  from  turpentine,  was  among  the  hrst 
substitutes  for  animal  oils,  but  its  tendency  to  explode  kept  it  from 
coming  into  general  use.  Prior  to  this,  lamps  burned  animal  fats, 
whale,  fish,  and  vegetables  oils.  Lanterns  of  lighthouses  burned  whale  oil. 

6.  Kerosene  Lamps 

Kerosene,  safe  and  cheap,  oftentimes  called  coal  oil,  mineral  oil, 
paraffin  oil,  and  petroleum  oil,  came  into  general  use  about  1860. 

Lanterns,  portable  lamps  to  be  carried  in  the  wind,  were  used  in 
ancient  times  at  the  head  of  marching  armies,  in  religious  rites,  and  by 
soothsayers  in  their  auguries.  Before  the  introduction  of  the  glass 
chimney,  a lantern  was  usually  a candle  shielded  by  a metal  guard  with 
holes  cut  through  to  shed  light.  In  the  16th  and  17th  centuries,  horn 
replaced  the  metal  guard;  hence  came  the  term  “lanthorn.”  Later  oil- 
burning lanterns  were  used  with  glass  chimneys. 

Railroad  men  still  signal  at  night  with  oil  lanterns  as  well  as  electric. 
The  dark  lantern,  or  “bull’s  eye,’’  has  a round  lens  to  concentrate  the 
light.  A sliding  shutter  may  cover  the  lens. 

7.  Candles 

The  wax  candle  probably  originated  in  Phoenicia.  The  Old  Testa- 
ment mentions  candles  and  candlesticks,  but  not  their  materials.  Can- 
dles of  animal  fat  appeared  about  the  2nd  century  A.D.  and  in  the  11th 
century  the  English  made  candles  by  dipping  sticks  in  tallow.  Later 
came  candles  of  spermaceti,  a wax  from  the  heads  of  whales,  and 
“composites,”  of  stearic  acid  and  stearin,  popular  about  1830. 

The  wick  of  the  early  candles  was  only  partly  consumed  since  it  re- 
mained in  the  flame  shielded  from  the  oxygen  of  the  air. 

In  colonial  days,  candles  were  made  by  dipping  a wick  into  hot  tallow, 
allowing  it  to  cool,  and  redipping  many  times.  These  “tallow  dips” 
were  then  thrust  into  hot  water  and  shaken,  to  paint  or  “feather”  them, 
and  so  keep  them  from  dripping. 

Candles  at  present  are  molded.  They  are  usually  made  from  paraffin, 
a refined  wax  obtained  from  crude  petroleum,  strengthened  with  a 
mixture  of  stearic  acid.  The  pleasant  light  of  candles  is  chiefly  used  in 
religious  services  and  to  give  charm  to  homes. 

The  candlestick  has  long  been  a handsome  ornament.  The  Greeks 
and  Romans  made  beautiful  candelabra,  and  in  Europe  artists  wrought 
fine  designs  for  candlesticks  in  iron,  bronze,  and  copper.  In  the  17th 
and  18th  centuries,  candlesticks  of  silver,  silver  plate,  and  Sheffield  plate, 
as  well  as  of  china  and  glass,  glittered  on  elegant  tables. 

8.  Gas  Lamps 

Brighter  light  became  available  with  the  introduction  of  gas  in  the 
United  States  about  1806.  Its  use  spread  rapidly  after  the  development 
of  the  Welsbach  mantle,  and  was  only  replaced  by  the  incandescent 
electric  lamp. 
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9.  The  Electric  Lamp 

Edison’s  first  successful  lamp  (1.4  lumens  per  watt)  was  invented  in 
1879.  This  glaring  electric  light,  hanging  from  the  end  of  a green  cord, 
was  far  from  beautiful.  People  have  since  learned  how  to  make  electric 
lighting  beautiful.  In  public  buildings,  indirect  lighting  produced  by 
bowl-shaped  reflectors  or  opaque  globes  diffuses  the  light  and  prevents 
glare. 

People  today  understand  more  clearly  the  importance  of  sunlight 
indoors.  Sunlight  is  the  strongest  disinfectant,  and  only  properly 
lighted  rooms  offer  efficient  working  conditions.  The  modern  light  and 
airy  house  or  apartment,  with  plenty  of  windows  and  well-placed  electric 
lights,  is  a delightful  contrast  to  the  dark  dens  of  the  “good  old  days.” 

The  first  commercial  lamp  of  1.6  lumens  per  watt  was  made  in  1881. 
The  cellulose  filament  was  introduced  in  1893,  giving  3.3  lumens  per 
watt.  The  gem,  or  metallized-carbon  filament  lamp,  made  in  1905,  gave 

4 lumens  per  watt.  The  tantalum  filament  was  introduced  in  1906,  giving 

5 lumens  per  watt.  The  pressed-tungsten  fdament,  giving  8 lumens  per 
watt,  was  produced  in  1907;  and  in  1911,  the  drawn-tungsten  filament, 
Mazda,  giving  10  lumens  per  watt.  The  gas-filled  lamp  of  20  lumens 
per  watt  was  introduced  in  1913. 

Since  that  time  to  the  present,  electric  lights  are  in  use  in  (1)  home- 
projection,  (2)  street  traffic  signals,  (3)  flashlight  switchboards,  (4) 
surgical-dental  equipment,  (5)  industrial  floodlighting,  (6)  aviation, 
(7)  motion  pictures,  (8)  television,  (9)  artificial  daylight— the  flu- 
orescent light,  (10)  commercial  signs,  (11)  on  railways,  and  (12)  for 
decoration. 

LEARNING  ACTIVITIES 

1.  Talks  by  members  of  class  on  lives  of  famous  physicists 

2.  Talks  on  practical  applications  of  principles  studied 

3.  Reports  on  current  developments 

4.  Demonstrations  in  class 

5.  Displays  of  posters  and  exhibits 

6.  Plays  and  vaudeville  sketches  (written  by  class  members) 

7.  Outside  physicists  as  speakers 

8.  Timely  programs  commemorating  famous  men  of  science 

9.  Moving  pictures  on  subject  under  consideration 

10.  Excursions  to  community  plants 

11.  Maintaining  bulletin  board  for  display  of  timely  material 

Source  of  material;  current  magazines,  newspapers,  etc. 

12.  Keeping  a scrapbook 

13.  Collecting  charts  and  other  exhibits 

14.  Writing  essays 
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15.  Developing  projects 

16.  Developing  chart  to  show  jobs,  pay,  and  training  needed  for  work 
in  electrical  fields 

Sources  of  Project  Materials 

1.  In  working  out  projects,  students  may  write  to  various  industrial 
hrms,  obtaining  pamphlets,  wall  charts,  samples  of  product. 

2.  Eliminate  material  which  is  not  usable— some  may  be  too  advanced 
for  high  school  students. 

3.  Selected  pamphlet  material  may  be  good  enough  to  use  as  a sup- 
plement to  the  text. 

Evaluation; 

1.  Did  we  learn  how  to  work  together? 

2.  Was  our  science  education  related  in  our  thinking  to  our  knowl- 
edge of  the  past? 

3.  Have  there  been  increased  understanding  and  appreciation  of  man’s 
progress? 

4.  Do  we  understand  the  scientific  principles  associated  with  modern 
lighting? 
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PHYSICAL  SCIEISCE 

Scope 

A high  percentage  of  students  have  no  intention  of  taking  college  courses 
for  scientific  and  technical  careers  for  which  the  more  formal  courses  in  chem- 
istry and  physics  are  a preparation.  Yet  for  these  students  continued  science 
education  heyond  the  tenth  year  is  imperative.  A physical  science  course  of 
study  which  is  adaptable  to  the  needs  of  these  students  is  necessary.  What 
these  students  need  is  a course  of  study  more  advanced  than  that  taught  at 
the  ninth  and  tenth  grade  level,  yet  not  so  formal  as  physics  and  chemistry. 
Some  colleges  accept  such  a course  for  entrance  if  the  students  do  not  intend 
to  continue  in  science  majors. 

Sequence 

The  sequence  that  follows  is  neither  all-inclusive  nor  mandatory.  It 
should  be  employed  as  a suggested  outline  which  can  be  of  help  in 
organizing  a program  of  functional  units.  These  should  be  taught  over 
a period  of  one  or  tioo  years,  duritig  grades  eleven  and  tioelve. 

The  course  in  physical  science  deals  ivith  the  basic  principles  of  physics, 
chemistry,  geology,  astronomy,  and  tneteorology.  These  are  taught  and 
applied  through  familiar  problems  and  experiences  of  everyday  life. 
The  students  should  acquire  the  behavior  of  applying  these  principles 
in  their  thinking  about  the  solution  of  life  problems  through  individual 
and  group  activities. 

Although  the  outline  suggests  directed  study  guides,  they  should  be 
prepared  from  a youth-centered  point  of  view.  If  guide  sheets  are 
distributed  without  pupil  participation  in  planning,  much  of  the 
functional  jrhase  of  learning  will  be  lost.  The  method  of  approach  and 
extent  of  pupil-planning  will  depend  upon  the  nature  of  the  pupils. 
T.  he  teacher  should  exert  the  utmost  effort  to  develop  a functional 
program 

To  achieve  these  objectives,  the  following  unit  sequence  is  presented: 


Unit 

I 

How  Can  We  Measure  and  Conqiare  Things  We  Buy  and 
Use? 

Unit 

II 

Mdiy  Are  Superstitions  Disappearing? 

Unit 

III 

How  Do  Changes  in  the  Earth  Affect  My  Environment? 

Unit 

IV 

How  Can  We  Make  Wise  Purchases  of  Household 
Machinery? 

Unit 

V 

How  Is  Electricity  of  Service  to  Me? 

Unit 

VI 

What  Should  I Know  About  Automobiles? 

Unit 

VII 

How  Can  We  Guide  Ourselves  in  Operating  Our 
Automobiles  Safely  and  Efficiently? 

Unit 

VIII 

How  Is  Travel  by  Air,  Water,  and  Rail  Possible? 

A MODEL  IGNITION  SYSTEM 


Unit 

IX 

Unit 

X 

Unit 

XI 

Unit 

XII 

Unit 

XIII 

Unit 

XIV 

Unit 

XV 

Unit 

XVI 

Unit 

XVII 

Unit 

XVIII 

Unit 

XIX 

Unit 

XX: 

How  Can  We  Make  Good  Use  of  Light? 

What  Is  the  Chemical  and  Physical  Nature  of  Matter? 
'Udrat  Is  Atomic  Energy? 

How  Do  We  Use  Air?  How  Does  It  Control  Weather? 
How  Can  We  Keep  Warm  and  Comfortable? 

How  Do  We  Use  Acids,  Bases,  and  Salts? 

How  Can  We  Avoid  the  Waste  of  Metals? 

How  Does  the  Body  Resemble  a Chemical  Processing 
Plant? 

What  Can  We  Do  With  Synthetics  and  Plastics? 

H ow  Rich  Is  Pennsylvania  In  Mineral  Resources? 

The  Uses  of  Atomic  Energy 

What  Shonld  We  Know  About  Cancer? 


introducing  Units 

Pupil-teacher  planning  is  a necessary  phase  of  effective  functional  education. 
(See  Chapter  IV.)  In  introducing  the  physical  science  units,  provision  should 
be  made  for  this  essential  motivation.  Such  planning  is  especially  advisable  in 
physical  science,  for  pupils  already  know  a great  deal  about  the  problems. 
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Such  planning  may  take  the  form  of 

1.  Overview  by  the  teacher 

Importance  of  the  unit,  etc. 

2.  Group  discussion 

a.  What  do  we  know  now? 

List  on  blackboard 

b.  What  do  we  need  to  find  out? 

List  on  blackboard 

c.  What  work  plan  shall  we  use? 

List  problems  and  committees  on  blackboard 

The  unit  outlines  are  suggestive  and  flexible.  They  should  be  extended 
to  meet  specific  problems  of  pupils  and  the  needs  of  local  communities, 
rural  or  urban.  Variation  in  topics,  problems,  and  activities  will  be 
desirable  as  circumstances  vary. 

Evaluation 

Data  on  the  evaluative  procedures,  which  should  terminate  each  unit, 
are  suggested  in  Section  1,  Chapter  II,  “Teaching  Science  by  Units,”  and 
in  Chapter  IV,  “Evaluation.”  A type  of  suggested  student  self-appraisal 
check  list  for  Unit  I is  included  at  the  end  of  that  unit.  Similar  check 
lists  for  further  units  may  be  readily  constructed. 


Unit  I 

HOW  CAN  WE  MEASURE  AND  COMPARE  THINGS  WE  RUY  AND  I SE? 

1.  Overview  by  teacher 

2.  Croups  planning  discussion 
a.  WHiat  do  we  know  now? 
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00 


a.  See  page  277  of  this  section  and 
Chapter  IV 

b.  Administer  a functional  test 

c.  Guide  group  self-evaluation 

Use  direct  teaching  where  needed 
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Student  Self-Appraisal  Check  List  for  Unit  I— 

How  Can  We  Measure  and  Compare  Things  We  Buy  and  Use? 

The  following  example  of  a student  self-appraisal  exercise  may  be 
mimeographed  and  given  to  students.  It  should  motivate  self-evaluation 
and  participation  and  provide  an  overview.  Similar  check  lists  for  other 
units  may  readily  be  prepared.  Items  should  be  changed  to  suit  local 
situations. 

To  the  Student: 

The  following  questions  are  for  you  to  test  yourself  on  what  you  are  learning.  Do  not  check 

Yes  unless  you  know  and  know  that  you  know. 

1.  Do  you  know  how  to  use?  yes  D No 


a.  metric  rule  

b.  vernier  caliper  

c.  micrometer  caliper  

d.  balance  

e.  graduated  cylinder  

Do  you  know  what  kind  of  instruments 
Yes  D.  No 

1 1 

1 1 

1 1 

1 1 

1 1 

and  units  are  used  to  measure? 

Yes  D.  No 

a.  length  

1 1 

g.  electric  current 

1 1 

b.  area  

1 1 

h.  heat  

1 1 

c.  volume  

1 1 

i.  speed  of  sound 

1 1 

d.  temperature  . 

1 1 

j.  light  intensity 

1 1 

e.  pressure  

1 1 

k.  work  

1 1 

f.  speed  

1 1 

1.  density  

1 1 

Can  you  explain  the  meaning  of  the  following  words? 

Yes  D.  No 

Yes  D.  No 

a.  acceleration 

1 1 

k.  gram  

1 1 

b.  ampere  

1 1 

1.  hydrometer  . . 

1 1 

c.  barometer  . . 

1 1 

m.  hygrometer  . . 

1 1 

d.  B.T.U 

1 1 

n.  kilowatt  .... 

1 1 

e.  caliper  

1 1 

o.  manometer  . . 

1 1 

f.  calorimeter 

1 1 

p.  pyrometer  . . . 

1 1 

g.  candle-power  . 

I 1 

q.  thermometer  . 

1 1 

h.  centigrade  . . . 

1 1 

r.  thermostat 

1 1 

i.  foot-pound 

1 1 

s.  watt  

1 1 

j.  galvanometer  . 

1 1 

t.  wave  length  . 

1 1 

ti.  zero  (absolute) 

1 1 

4.  linderline  the  word  indicating  the  larger  volume:  (1)  a gram  or  an  ounce,  (2)  a liter  or 

gallon,  (3)  a centimeter  or  an  inch. 

5.  Do  you  know  how  to  read  the  meters  in  your  home? 

6.  What  else  did  you  learn  in  this  unit? 

7.  What  help  did  you  give  to  the  work  of  your  class? 


Unit  II 

WHY  ARE  SUPERSTITIONS  DISAPPEARING? 

Overview  by  teacher  and  planning  with  pupils 


SCOPE 


AND  SEQUENCE  OF  SCIENCE  TEACHING 
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Unit  III 

HOW  DO  CHANGES  IN  THE  EARTH  AFFECT  MY  ENVIRONMENT? 

Overx'ieu'  by  teacher  and  planning  luith  pupils 


SCOPE  AND  SEQUENCE  OF  SCIENCE  TEACHING 
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DEMONSTRATION  OF  CARBURETOR  ACTION 


Activities 


c.  To  study  three  methods  of  heat 
transmission 

d.  Finding  how  much  a given  mate- 
rial expands 

e.  Comparing  the  heating  effect  of 
equal  weights  of  steam  and  water 
at  100°  C 

f.  Observing  the  phenomena  of  boil- 
ing 

g.  What  antifreeze  is  a good  buy? 

h.  Other  projects  suggested  by  pupils 


3.  Culminating  activities 

a.  Committee  reports  and  displays 

b.  Other  activities  suggested  by 
pupils 

4.  Textbook  and  reference  study 

5.  Evaluation  (See  p.  277.) 

6.  Use  direct  teaching  where  needed 
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Unit  VII 

HOW  CAN  WE  GUIDE  OURSELVES  IN  OPERATING  OUR  AUTOMORILES 

SAFELY  AND  EFFICIENTLY? 

To  be  carried  out  ihroiigh  organized  committee  investigations  and  reports 

Specific  Objective:  To  learn  how  to  operate  an  automobile  safely  and  ( 
liciently 

1.  What  pressure  will  the  oil  gauge  show  when  oil  is  thin? 

2.  What  does  it  indicate  if  pressure  is  more  than  normal? 

3.  What  will  temperature  gauge  show  when  there  in  a frozen  radiator? 

4.  Can  cold  water  be  added  to  radiator  at  any  time? 

5.  What  should  ammeter  show  when  ignition  is  turned  on? 

6.  Is  it  necessary  to  check  the  battery  when  the  ammeter  is  normal? 

7.  What  are  beam  indicators? 

8.  What  are  lubricants? 

9.  Can  all  parts  of  a car  be  lubricated  with  the  same  grade  of  oil?  Why? 

10.  What  is  the  danger  of  grease  on  brake  linings? 

1 1 . When  should  cars  be  lubricated? 

12.  Which  parts  require  lubricating? 

13.  Why  does  oil  have  to  be  changed  at  intervals? 

14.  How  much  oil  does  a car  use  between  crankcase  changes? 

15.  What  kind  of  oil  should  be  used  for  different  seasons? 

16.  How  can  you  tell  which  is  light  or  heavy  oil? 

17.  When  should  spark  plugs  be  checked? 

18.  Should  adjustments  be  made  on  the  carburetor? 

19.  How  often  should  an  air  cleaner  be  cleaned? 

20.  What  causes  an  engine  to  ping} 

21.  What  care  does  a radiator  need? 

22.  Can  antifreeze  solutions  be  saved? 

23.  When  are  thermostats  the  more  important? 

24.  How  should  the  clutch  pedal  be  adjusted? 

25.  How  should  the  brake  pedal  be  adjusted? 

26.  How  can  yon  tell  when  the  steering  gear  needs  adjustment? 

27.  How  can  one  secure  better  traction  in  tires? 

28.  What  are  dangers  of  underinflation? 

29.  What  are  dangers  of  overinflation? 

30.  What  does  speed  have  to  do  with  tire  wear? 

31.  How  can  underinflation  be  detected? 

32.  Should  your  foot  be  on  the  clutch  when  starting?  When  driving? 

33.  What  are  dangers  of  choking  a car? 

34.  What  do  we  mean  by  “slip  the  clutch”? 

35.  If  your  car  is  on  ice,  what  is  easiest  way  to  start? 

36.  If  you  double  your  speed  how  soon  can  you  stop? 

37.  What  should  you  do  in  case  of  a skid? 

38.  What  is  the  easiest  way  of  parking  in  a small  place? 

39.  What  are  mileage  tests? 

40.  Why  and  when  are  they  made? 

41.  Should  the  tank  be  completely  filled  when  buying  gas? 

42.  When  should  you  shift  gears  on  a hill? 
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43.  How  should  you  drive  through  water? 

44.  Who  knows  the  most  about  driving? 

45.  How  can  you  avoid  accidents? 

46.  How  do  you  remove  spots  from  upholstering? 

47.  What  are  the  six  instruments  found  on  the  panels  of  most  recently  manti- 
factured  cars? 

48.  How  should  tires  be  changed  to  give  even  wear? 

49.  What  do  octagonal,  round,  and  diamond-shaped  highway  signs  mean? 

50.  How  can  you  bring  back  a new  finish  to  a dirty  exterior? 

51.  When  should  the  motor  oil  be  changed? 

52.  Tell  how  you  start  a car,  operate  in  traffic,  on  hills,  on  slippery  pavement, 
and  make  stops  and  starts. 

53.  How  would  you  correct  the  following:  (1)  black  exhaust  smoke;  (2)  ir- 
regular or  unsmooth  engine  timing;  (3)  shimmy;  (4)  brakes  that  do  not 
hold;  (5)  clogged  radiator;  (6)  overcharging  generator;  (7)  knocking 
motor;  (8)  short  circuit;  (9)  cold  motor;  (10)  flat  tire;  (11)  continuously 
sounding  horn;  (12)  dead  battery? 

54.  How  much  does  an  auto  mechanic  earn?  A gas  station  attendant?  A car 
salesman? 

55.  Prepare  a chart  showing  jobs,  pay,  etc.,  in  automotive  industries. 


Unit  VIII 

HOW  IS  TRAVEL  BY  AIR,  WATER,  AND  RAIL  POSSIBLE? 

Overview  by  teacher  and  planning  with  pupils 
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How  Do  We  Use  the  Air?  How  Does  it  Control  Weather? 
Student  Self- Appraisal  Check.  List  for  Unit  XII 


1.  Useful  Knowledge  75 

a.  Do  you  know  what  tlie  air  is  composed  of?  | | 

b.  Do  you  understand  what  humidity  is?  | 

c.  Can  you  explain  how  air  is  necessary  for  plant  and  animal 

growth?  

d.  Do  you  know  what  education  you  would  need  to  be  a weather 

man?  

e.  Can  you  explain  why  clouds  do  not  fall?  

f.  Do  you  know  what  the  average  amount  of  precipitation  is  for 

your  community?  Average  temperature?  

g.  Can  you  explain  what  causes  wind?  storms?  

h.  Can  you  recognize  the  different  kinds  of  clouds?  | 

i.  Can  you  read  a weather  map?  | 

j.  Can  you  read  a thermometer?  barometer?  hygrometer?  | 

2.  Vocabulary 

Can  you  explain  and  use  the  following  words  or  terms? 

Yes  D.  No  Yes  D.  No 

f.  relative  | | 

humidity  ....  | j 

g.  temperature  | | 

h.  water  table  . . I I 

! ! 

i.  weathering  . . | | 

j.  vacuum  ...  | | 

3.  Principles  and  Laws 

Can  you  name  four  scientific  principles  or  laws  which  explain  any  of  the  following  daih 
activities  or  phenomena? 

rain,  clouds,  hail.  1.  3. 

humidity,  evaporation  2.  4. 

4.  Daily  Activities  and  Phenomena 

Can  you  name  four  uses  for  any  of  the  following  scientific  phenomena? 

air  pressure,  wind,  condensation,  I.  3.  . 

evaporation,  ventilation,  vacuum  2.  4.  


a.  altitude  ... 

b.  aneroid  ... 

c.  condensation 

d.  dew  point 

e.  evaporation 


5.  Can  you  erect  apparatus  and  demonstrate— 

a.  That  water  vapor  condenses  in  the  air? 

b.  That  air  has  weight?  

c.  That  air  has  pressure?  

d.  That  rain  can  be  predicted?  

e.  That  warm  air  rises?  


Yes  D.  No 


6.  What  else  did  you  learn  in  this  unit? 

7.  What  help  did  you  give  to  what  your  class  did? 


Unit  XIII 

HOW  CAN  WE  KEEP  WARM  AND  COMFORTABLE? 

Overview  by  teacher  and  planning  with  pupils 


SCOPE  AND  SEQUENCE  OF  SCIENCE  TEACHING 
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Unit  XVI— Continued 

HOW  DOES  THE  BODY  RESEMBLE  A CHEMICAL  PROCESSING  PLANT?— Cominuofl 


Unit  XVII 

WHAT  CAN  WE  DO  WITH  SYNTHETICS  AND  PLASTICS? 

Oveivieu'  by  teacher  and  planning  with  pupils 
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Unit  XVIII 

HOW  RICH  IS  PENNSYLVANIA  IN  MINERAL  RESOURCES? 

This  unit  can  be  organized  after  the  pattern  of  Unit  XXVII  in  the  Chemistry  Out- 
line (page  214)  provided  the  activities  have  not  been  included  in  the  previous  units  of 
the  course  of  study. 


Unit  XIX 

WHAT  SHOULD  WE  KNOW  AROUT  CANCER? 

Overview  by  Teacher  and  Planning  luith  Pupils 

INTRODUCTORY 

Why  is  it  important  for  you  to  know  about  cancer? 

1.  Cancer  does  not  often  occur  in  younger  people.  It  usually  attacks  women 
over  30,  men  over  40.  But  if  you  learn  a few  simple  facts  about  the  disease 
you  may  be  able  to  save  the  life  of  someone  in  your  family  or  of  a friend 
or,  some  day,  even  your  own  life. 

2.  Every  year  thousands  of  people  do  save  their  own  lives  because  they  know 
enough  about  cancer  and  its  warning  signals  to  go  to  their  doctors  early— 
when  the  disease  can  still  be  cured. 

3.  On  the  other  hand,  many  thousands  who  could  be  cured  die  of  cancer 
every  year  because  they  do  not  know  enough  about  it.  Largely  for  this 
reason,  cancer  is  the  second  greatest  cause  of  death  in  the  United  States 
today. 

4.  The  more  all  of  us  know  about  cancer  the  more  we  can  control  it.  History 
shows  us  that  cancer  was  a scourge  of  the  human  race  even  in  the  days  of 
the  Egyptians,  3,000  years  ago.  Through  all  these  years,  ignorance,  fear, 
and  superstition  have  kept  us  from  fighting  cancer  as  intelligently  as  we 
can  now.  Today,  doctors  know  more  about  treating  it  than  they  did  even 
ten  years  ago.  But  people  must  go  to  a physician  in  time. 

What  is  cancer? 

1.  Like  a house  built  of  bricks,  the  human  body  is  made  up  of  billions  of 
tiny  cells.  In  the  healthy  body,  these  cells  grow  in  a controlled,  orderly 
way.  But  sometimes  they  start  to  grow  in  a disorderly,  uncontrolled  way 
in  a particular  part  of  the  body.  This  is  called  cancer. 

2.  Sooner  or  later,  cancer  cells  break  away  from  their  original  growth  and 
“colonize”  in  other  parts  of  the  body,  carried  there  through  lymph  canals 
and  blood  vessels.  This  colonization  is  called  metastasis.  Unless  cancer, 
cells  are  discovered  and  treated  by  surgery,  X ray  or  radium  before  metastasis 
sets  in,  it  is  next  to  impossible  to  track  them  down  and  destroy  them. 

3.  There  are  many  different  forms  and  types  of  cancer.  All  have  in  common 
the  ability  to  kill.  However,  each  presents  its  own  peculiar  problems  in 
treatment.  That  is  why  cancer  must  always  be  treated  by  highly  skilled 
physicians. 
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What  causes  cancer? 

1.  As  yet,  no  one  knows.  Doctors  all  over  the  world  are  trying  to  lind  the 
cause. 

2.  Scientists  can  cause  cancer  to  grow  in  laboratory  animals  by  using  various 
techniques.  Such  animals  are  being  studied  intensively  for  a clue  to  the 
cause  in  human  beings. 

3.  Physicians  do  know  what  happens  in  the  human  body  when  someone  has 
cancer  and  what  its  commonest  warning  signals  are.  There  are  seven  of 
these. 

Cancer’s  seven  warning  signals 

Any  one  of  them  may  mean  cancer,  but  only  a doctor  can  tell. 

1 . ANY  SORE  THAT  DOES  NOT  HEAL 
I 2.  A LUMP  OR  THICKENING  IN  THE  BREAST  OR  ELSEWHERE 
! .3.  UNUSUAL  BLEEDING  OR  DISCHARGE 

I Note:  Consult  your  doctor.  Menstrual  periods  in  young  girls  are  often  normally 

irregular. 

4.  ANY  CHANGE  IN  A WART  OR  MOLE 

5.  PERSISTENT  INDIGESTION  OR  DIFFICULTY  IN  SWALLOWING 

6.  PERSISTENT  HOARSENESS  OR  COUGH 

7.  ANY  CHANGE  IN  NORMAL  BOWEL  HABITS 

dancer  is  curable  when  treated  early 

Although  cancer  is  a disease  which  is  most  common  among  older  people,  every 

young  person  should  know  that: 

1.  One  of  the  best  w^ays  to  guard  against  cancer  or  any  other  disease  is  to 
have  periodic  physical  check-ups. 

2.  Anyone  who  notices  one  of  cancer’s  warning  signals  in  himself  should  go 
to  his  doctor  immediately. 

3.  Only  surgery,  X ray,  and  radium  can  cure  cancer.  All  home  remedies,  such 
as  pills,  salves,  tonics,  powders,  and  all  advertised  “sure,”  “special,”  or 
“secret”  cures  are  not  only  useless  but  dangerous.  Using  them  only  keeps 
people  from  going  to  their  doctors  early  enough  to  be  cured. 

GENERAL  OBJECTIVES 

1.  To  prevent  cancer  as  one  of  the  unsolved  health  problems  of  the  nation 

2.  To  awaken  an  interest  in  the  student  as  to  the  nature  of  cancer 

3.  To  develop  sound  factual  knowledge  about  cancer,  its  symptoms,  possible 

: causes,  methods  of  treatment,  and  possibility  of  cure 

4.  To  develop  fear-free  attitudes  abotit  cancer 

5.  To  emphasize  the  need  for  freejuent  complete  physical  examination  to 
facilitate  early  detection  and  diagnosis 

V 6.  To  stress  the  importance  of  consulting  a reputable  physician,  and  the 
avoidance  of  quackery  and  patent  medicines 
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7.  To  suggest  health  habits  which  may  prevent  precanceious  conditions 

8.  To  show  that  cancer  is  not  only  a health  problem,  but  a sociological, 
psychological  and  economic  problem  as  well 

9.  To  instill  in  the  pupils  a desire  for  further  knowledge  of  cancer 

10.  To  stress  the  need  for  making  facts  about  cancer  available  in  order  to 
assist  in  bringing  about  the  control  of  cancer 

Learning  activities  (Individual,  committee,  and  class  projects  with  reports  on  selected 
activities) 

1.  Cell  growth  (in  Biology) 

2.  Normal  structure  and  function  of  the  body  (in  Physiology  or  Hygiene) 

3.  Unnatural  growths  on  plants  (in  Botany) 

4.  Morbidity  and  mortality  statistics  (in  Mathematics) 

5.  Newspaper  and  magazine  articles  describing  advances  in  research  on  cancer 
(in  Current  Events) 

6.  Radiation  (in  Physics) 

7.  Human  interest  stories  of  records  of  cured  cancer  cases  (in  Sociology) 

8.  Let  the  pupils  examine  microscopic  slides  showing  normal  cells 

9.  Have  jiupils  compare  normal  tissue  with  malignant  tissue  under  the 
microscope 

10.  Have  the  pupils  observe  several  different  kinds  of  both  normal  and 
malignant  tissue 

1 1.  Have  the  pupils  draw  their  conceptions  of  a benign  tumor  and  a malignant 
tumor 

12.  Let  the  pupils  observe  protozoa  in  the  process  of  cell  division 

1 3.  Show  a film  demonstrating  normal  cell  growth 

14.  Have  the  pupils  collect  samples  or  illustrations  of  uncontrolled  growth  on 
plants  so  that  they  may  study  tumor  growths  found  in  plants 

15.  Have  pupils  report  on  a visit  to  a tumor  clinic  or  a pathology  laboratory 

16.  Show  a film  on  cancer  recommended  by  the  local  unit  of  the  American 
Cancer  Society 

17.  Have  the  pupils  report  on  how  frecpiently  they  have  complete  physical 
examinations  and  their  importance 

18.  Have  the  pupils  conduct  a quiz  period  testing  themselves  and  each  other 
on  knowledge  of  the  “Seven  Danger  Signals  ” 

19.  Have  the  pupils  list  advisable  hygiene  practices  to  preclude  precancerous 
conditions 

20.  Have  the  pupils  locate  common  sites  of  cancer  on  a large  diagram  of  the 
human  body 

21.  Have  the  pupils  color  common  sites  on  individual  diagrams  of  portions 
of  the  body 
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22.  Have  the  pupils  discuss  the  value  ot  statistics  and  their  interpretation 

23.  Have  the  pupils  study  statistics  about  cancer  to  see  if  there  are  any  factors 
which  might  indicate  that  the  cancer  death  rate  is  not  increasing  as  rapidly 
as  supposed 

24.  Have  local  physician  speak  to  an  assembly  about  the  problem  of  cancer 
in  the  community  and  State 

25.  Have  the  pupils  make  a chart  comparing  the  incidence  of  cancer  deaths  to 
the  deaths  from  other  causes,  within  the  community,  county,  or  State 

26.  Compare  the  death  rate  from  cancer  in  the  immediate  community,  county 
or  State  with  death  rate  figures  for  cancer  in  other  communities,  counties 
or  states 

27.  If  possible  to  secure  the  facts,  have  the  pupils  make  graphs  or  charts  showing 
breakdown  of  deaths  from  cancer  by  sex  within  the  community,  county, 
or  State 

28.  Have  the  pupils  compute  the  death  rate  according  to  ages  of  individuals, 
from  statistics  given  above 

29.  Have  the  pupils  compare  the  cancer  death  rate  hgures  of  today  with  those 
recorded  five  years  ago,  to  indicate  the  status  of  the  problem  of  cancer  at 
the  present  time 

30.  Hold  a panel  discussion  or  symposium  on  the  cjuestion,  “\V4iy  should 
everyone  know  the  facts  about  cancer?” 

31.  Let  the  jaupils  report  on  cured  cancer  cases  of  which  they  have  knowledge 

32.  Find  out  by  free  discussion  what  misconceptions  exist  among  the  pupils 
with  regard  to  cancer  cures 

33.  Have  a class  representative  report  to  the  class  on  information  about  a 
biopsy  as  learned  from  a physician  or  laboratory 

34.  Have  the  pupils  write  an  essay  on  hopefulness  of  cancer  cure  when  treat- 
ment is  early  . 

35.  Have  a committee  report  on  hospitals  and  tumor  clinics  to  be  found  within 
radius  of  the  community 

CULMINATING  ACIIVniES 

Pupil  reports,  panel  discussions,  exhibits,  etc. 

EVALUATION 

Have  the  pupils  gained  the  following  concepts?  (functional  unit  test  or  pupil 

cjuestionnaire) 

I 1.  Cancer  is  not  a hopeless  disease. 

2.  Cancer  is  a disorderly  growth  of  the  cells  of  the  body. 

3.  There  is  no  scientihc  proof  that  cancer  in  humans  is  contagious. 

4.  Most  types  of  cancer  are  curable  in  the  early  stages,  before  spreading  to 
other  parts  of  the  body. 
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5.  Early  detection,  accurate  diagnosis,  and  prompt  treatment  are  essential  ii 
the  control  of  cancer. 

6.  There  are  seven  known  danger  signals  which  may  mean  cancer.  Everyon 
should  know  them. 

7.  There  are  several  conditions  which  are  considered  to  be  forerunners  t' 
cancer. 

8.  The  three  methods  of  treating  and  curing  cancer  are  surgery,  X ray,  an( 
radium. 

9.  Much  progress  has  already  been  made  in  research,  and  scientists  are  con 
stantly  at  work  trying  to  solve  the  mystery  of  cancer. 

10.  The  chief  problem  today  is  to  make  more  people  thoroughly  aware  of  th 
facts  of  cancer,  so  they  will  use  this  knowledge  to  protect  their  own  healti 
and  that  of  members  of  their  families. 

• GROUP  DISCUSSION 

1.  Elas  the  group  achieved  its  objectives  in  the  unit? 

2.  Have  reports  and  committee  activities  been  of  good  quality? 

3.  What  need  for  direct  teaching  and  drill  are  shown? 
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Manual  for  Physicians.  Lansing,  1944. 

New  York  State  Department  of  Health,  Division  of  Cancer  Control.  What  a Senior 
High  School  Graduate  Should  Know  about  Cancer. 

Further  assistance  and  suggestions  for  the  teacher  may  be  had  by  calling  the  nearest 
division  of  the  American  Cancer  Society. 

SOUND  FILMS  ON  CANCER 

The  sound  motion  pictures  and  other  materials  listed  below  are  available  on 
a “loan  basis”  free  to  all  interested  groups  as  one  of  the  special  services  of  the 
American  Cancer  Society  county  organizations.  Please  address  all  requests  for 
films  to  the  County  Captain  and/or  Administrative  Officer  at  the  local  county 
ACS  Headquarters. 


Secondary  School  Films: 

THE  TRAITOR  WITHIN  (16  mm,  color) . . . . All  mixed  audiences;  Adidt  and 
1 1 minutes— English  language  or  Span-  secondary  schools.  Not  recommended 

ish  language  prints  available.  for  auditorium  programs. 

FROM  ONE  CELL  (16  mm,  color)  Mi/q.  ...For  high  school  Biology  classes  only- 
minutes.  not  recommended  for  assembly  pro- 

I grams. 


CHAPTER  IV 

EVALUATION  IN  SCIENCE  EDUCATION 

THE  MEANING  OF  EVALUATION 

The  term  evaluatioji  is  more  meaningful  than  the  term  measurement.  Evalu- 
ation is  the  process  of  gathering,  interpreting,  and  using  evidence  on  im- 
provement in  the  behavior — the  thinking,  feeling,  and  acting — of  students.  It  . 
includes  as  much  objective  measurement  as  possible  but  avoids  the  narrow 
pitfalls  of  interpreting  success  on  the  basis  of  memorized  information. 

Evaluation  is  concerned  with  the  all-round  development  of  the 
learner.  It  is  a means  of  appraising  all  aspects  of  total  growth 
which  indicate  how  much  genuine  learning  is  being  achieved. 

Research  has  established  that  the  learner  functions  as  a unit.  The 
various  aspects  of  his  personality  do  not  act  independently.  They  are 
highly  correlated.  When  genuine  learning  occurs,  there  is  growth  in 
the  way  in  which  the  learner  reacts  to  his  environment  and  to  further 
learning  experiences.  This  all-round  personal  growth  is  well  recognized 
in  statements  of  school  and  course  objectives.^*’ 

The  statetnent  of  objectives  is  but  one  step  in  planning  a course  of 
study  or  an  experience  unit.  Learning  activities  for  the  attainment  of 
each  objective  must  be  organized.  In  addition,  means  for  the  evaluation 
of  each  objective  must  be  a continuous  and  integral  part  of  science 
education.  Otherwise  statements  of  objectives  are  but  sterile  phrases. 

It  is  important  that  evaluation  be  as  comprehensive  as  possible  because 
it  generally  determines  the  type  of  teaching.  The  types  of  appraisal- 
tests,  check  lists,  questionnaires,  and  observation— which  a teacher  uses, 
set  the  stage  for  what  is  taught  and  how  it  is  taught.  As  long  as  total 
or  major  emphasis  is  placed  on  the  student’s  ability  to  recall  facts, 
regardless  of  their  relationships,  of  their  use,  or  of  his  needs,  teachers 
will  give  maximum  significance  to  memorized  learning. 

Teachers  and  makers  of  tests  are  being  challenged  to  develop  comprehensive 
types  of  evaluation.  Possible  negative  learnings  with  respect  to  some  ob- 
jectives may  not  otherwise  be  revealed.  Evaluation  is  one  of  the  most 
pressing  problems  of  education.  Teachers  of  science,  because  of  their  back- 
ground of  measurement  and  research,  are  well  equipped  for  creative  work 
in  this  area. 

Dan  W.  Dodson,  managing  editor  of  The  Journal  of  Educational 
Sociology,  writes: 

The  problem  of  evaluation  is,  perhaps,  the  greatest  plague 
of  education  today.  Of  the  billions  of  dollars  spent  on  education 

Note:  The  superior  figures  in  Chapter  IV  refer  to  the  items  in  the  “Suggested  Read- 
ings” on  p.  335. 
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—one  o£  our  greatest  American  enterprises— we  know  very  little 
about  what  action  produced  what  result.  No  business  could 
afford  such  an  extravagance. 

Educators  violate  almost  every  tenet  they  profess  when  they 
come  up  against  this  problem  . . . What  we  test  for  as  an  end 
result  in  education  is  going  to  determine  what  we  teach. 

Has  not  the  time  come  for  American  educators  to  face  this 
problem  realistically  and  develop  methods  of  evaluation  which 
will  move  the  present  program  out  of  the  doldrums?'^ 

Evaluation  Based  Upon  Objectives 

The  committee  which  produced  Science  Education  in  American 
Schools,  the  Forty-sixth  Yearbook  of  the  National  Society  for  the  Study 
of  Education,  proposed  the  following  types  of  objectives:  (1)  finictional 
information  or  facts,  (2)  functional  concepts,  (3)  functional  under- 
standing or  principles,  (4)  instrumental  skills,  (5)  problem-solving  skills, 
(6)  attitudes,  (7)  appreciations,  and  (8)  interestsd*^  As  these  objectives 
are  studied,  the  broadening  of  the  scope  of  science  education  in  the  last 
generation  is  apparent.  It  is  clear  also  that  teaching  and  evaluation  of 
the  desired  outcomes— beyond  the  first  objective— have  become  more 
important,  more  varied,  and  more  difficult.  Here  is  a problem  on  which 
a science  teacher  can  test  his  mettle. 

S.  C.  Bolstad,  president  of  the  Educational  Test  Bureau,  writes: 

The  publisher  surveys  the  situation  and  seems  to  find  that 
education  can  be  benefited  by  a new  achievement  battery  of 
standardized  tests,  built  to  meet  present-day  emphasis  in  edu- 
cation. What  is  that  emphasis?  There  is  no  cpiestion  about  it. 

The  emphasis  is  on  functional  education.  In  building  a 
standardized  achievement  battery  of  tests  . . . there  can  be  no 
side-stepping  the  functional  tasks  . . . The  preliminary  tests 
are  sent  out  and  administered  . . . However,  when  these 
experimental  tryouts  return  to  be  scored,  it  is  a surprise  to 
find  that  students  score  nearly  zero  on  all  functional  questions. 

The  achievement  battery  . . . has  to  be  chiefly  a test  of  memorized 
facts. 

The  need  is  to  continue  to  develop  functional  teaching  and 
not  permit  ourselves  to  gallivant  off  to  other  thoughts  and 
slogans.^ 

It  is  apparent  that  the  functional  objectives  of  education  are  not  being 
fairly  met  by  many  present  practices  and  that  better  evaluation  can  contribute 
to  better  teaching.  By  the  same  and  other  evidence,  if  the  behaviors  which 
are  expected  from  functional  teaching  are  to  he  evaluated  comprehensively, 
the  evaluation  must  be  by  methods  w'hich  are  developed,  reported,  and  shared 
by  teachers  in  action. 
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The  evaluation  of  these  desirable  behaviors  includes  evidence  that 
mterests  and  attitudes  are  being  developed^  that  work  habits  and  study 
skills  have  become  more  efficient.  They  reveal  themselves  in  how  the 
student  interprets  data,  thinks  both  deductively  and  inductively,  attacks 
problems,  and  uses  facts,  concepts,  and  principles  in  new  situations. 
They  are  revealed  also  in  the  life  adjustments  which  the  learner  is 
making  with  respect  to  his  imperative  adolescent  needs— work,  health, 
citizenship,  home,  thrift,  scientific  understanding,  ajrjrreciation,  leisure, 
sociability,  and  good  English  usage.  At  a glance,  the  obtaining,  re- 
cording, and  reporting  of  all  of  these  data  seem  to  be  work  for  a paragon 
of  professional  proficiency.  However,  there  is  mnch  that  a busy  teacher 
can  do. 

Judging  the  Results  of  Teaching 

The  science  teacher  who  would  judge  the  results  of  his  teaching  must  have  a 
clear  idea  of  why  he  is  teaching.  If  the  aim  is  merely  to  “cover  the  text,”  most 
of  the  values  which  science  education  can  provide  will  he  lost.  The  final  test  is 
how  well  the  student  meets  the  problems  of  learning  and  of  living  day  by  day. 
Outcomes  should  be  stated  and  evaluated  in  terms  of  the  behaviors  which  are 
needed  to  meet  those  problems.  When  outcomes  are  defined  in  terms  of  desir- 
able behaviors,  instruments  for  their  observation  and  recording  can  readily  be 
produced. 

At  the  same  time,  there  needs  to  be  a departure  from  the  customary 
role  of  testing,  “to  separate  the  sheejr  from  the  goats  and  to  see  that 
the  goats  don’t  get  a sheepskin.”  The  rapport  that  characterizes  good 
teaching  should  also  characterize  good  evaluation.  The  cooperation  of 
the  student  in  appraising  his  own  growth  is  an  essential  procedure  in 
motivation.  Working  for  marks  or  grades  or  on  a low  level  of  coercion 
increases  the  degree  of  artificial,  memorized  learning.  The  tendency 
of  pupils  to  consider  an  evaluation  a sort  of  punitive  measure  is  not 
entirely  without  foundation.  This  produces  a conffict  situation  between 
pupifs  and  teachers.  A successful  teacher  will  dissipate  this  idea.  Co- 
operative means  for  evaluation  have  been  discussed  in  the  section  on 
“Teaching  Science  by  Units”  in  Chapter  II.  This  student  understanding 
is  one  of  the  behaviors— the  thinking,  feeling,  and  acting— which  good 
evaluation  will  create. 

TECHNIQUES  OF  EVALUATION 

Judging  the  results  of  fimctional  teaching  is  similar  to  a physician  s 
diagnosis.  He  uses  instruments  for  objective  measurements.  He  secures 
subjective  impressions  by  consultation.  From  these,  he  appraises  his 
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patient’s  health.  The  means  which  are  being  used  in  science  education 
lor  comprehensive  evaluation  include: 

1.  Paper-pencil  Forms 

(a)  Improved  essay-type  examinations,  (b)  standardized  tests, 
(c)  homemade  objective  tests,  (d)  behavior  rating  scales,  (e) 
check  lists,  (1)  pupil  logs  or  diaries  on  what  was  learned  from 
day  to  day  or  on  what  contribution  the  pupil  made  to  a class 
discussion  or  project,  and  (g)  cjuestionnaires  on  pupil  neetls. 

2.  Classroom  Questioning  and  Discussion 

This  type  of  evaluation  should  indicate  what  problems  the 
pupils  have.  Pupils  may  be  asked  to  submit  problems.  Sub- 
grouping  may  be  employed  for  study,  discussions,  and  reports. 
A simple  check  list,  used  by  the  teacher,  will  indicate  after  each 
student’s  name  the  degree  and  nature  of  his  participation,  per- 
ception, and  committee  leadership. 

3.  Laboratory  Skills  and  Behaviors 

A simjile  check  list  of  pupils’  names  and  desirable  types  of 
behavior  is  of  great  assistance  in  day-by-day  evaluation.  How  a 
student  attacks  problems,  gets  down  to  work,  arranges  apparatus, 
keeps  surroundings  neat,  works  with  others,  uses  reference 
material,  weighs  evidence,  forms  conclusions,  and  reports  results 
are  important  criteria.  Descriptive  cjuantitative  ratings  or 
anecdotal  recordings  of  what  is  actually  observed  may  be  used. 

4.  Individual  Interviews 

Here  there  is  better  ojiportunity  to  appraise  students’  needs, 
interests,  and  attitudes  than  in  either  a (|uiz  or  a discussion.  Rap- 
port should  be  established  which  will  lead  the  student  to  talk 
freely.  Brief  anecdotal  records  will  be  of  value  to  the  teachers 
whose  satisfaction  comes  from  helping  to  produce  wholesome  men 
and  women  as  well  as  scientists.  The  ability  to  interview  students 
in  this  manner  can  be  gained  by  any  teacher.  Yet  54  per  cent 
of  the  5,000  students  questioned  in  the  Inquiry  on  Student  Needs 
(See  Sect.  3,  Chapter  II)  stated  that  they  do  not  feel  free  to  talk 
with  a teacher  on  their  faculties  and  36  per  cent  of  a sampling  of 
dropouts  stated  that  they  would  have  remained  in  school  if  any 
one  teacher  had  been  interested  in  them  as  individuals. 

5.  Questionnaires  and  Check  Lists 

Tests  generally  help  to  determine  what  a student  remembers. 
One  of  the  best  ways  to  find  out  how  youth  thinks,  feels,  and 
acts  is  to  ask  the  students  themselves.  A cjuestionnaire  provides 
an  easily  constructed  instrument  to  this  end.  Pupils  express 
themselves  very  frankly  on  questionnaires  whether  they  sign 
them  or  not.  The  reliabilities  exceed  those  of  many  tests.  They 
can  be  constructed  to  measure  any  aspect  of  behavior  and  provitle 
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valid  and  interesting  results  both  for  student  self-appraisal  and 
for  teacher  information.  They  may  be  prepared  to  reveal  at- 
titudes, opinions,  and  behaviors. 

Check  lists  are  also  easily  constructed.  They  provide  for  day- 
by-day  student  self-appraisal  in  the  development  of  study  habits, 
Iiealth  behaviors,  and  other  skills  which  are  needed  for  living  and 
learning. 

EXAMPLES  OF  THE  USE  OF  MODERN  EVALUATION 

Examples  are  always  better  than  advice,  yet  not  so  frequent.  Good 
instruments— functional  test  items,  questionnaires,  and  check  lists— are 
all  too  scarce.  Many  more  are  needed  for  the  later  edition  of  this 
bulletin.  Those  that  do  exist  provide  valuable  suggestions  for  the  con- 
struction of  more  and  better  ones. 

1.  EVALVATIOiy  OF  A SCHOOL’S  SCIENCE  PROGRAM 

The  inclusion  of  the  following  excerpts  of  Section  D-15,  Science,  of 
the  1950  Exjalnative  Criteria^  of  the  Cooperative  Study  of  Secondary 
School  Standards  is  by  courtesy  of  the  Study.  The  excerpts  provide  facts 
for  self-appraisal  and  curriculum  improvement.  The  teacher  is  referred 
to  the  Criteria  for  complete  treatment. 

Statement  of  Guiding  Principles 

The  science  curriculum  consists  of  those  courses,  activities,  and  units  of  instruction 
which  are  designed  to  meet  pupil  educational  needs  related  to  science.  Major  emphasis 
in  the  curriculum  is  upon  (1)  the  understanding  and  application  of  major  scientific 
principles;  (2)  the  development  of  competence  in  the  use  of  the  scientific  method; 
and  (3)  the  development  of  desirable  attitudes,  interests,  and  appreciations  related  to 
science  and  its  applications. 

The  curriculum  provides  opportunities  for  all  pupils  to  participate  in  science  activi- 
ties to  meet  their  common  needs  and  interests.  Provision  is  also  made  for  additional 
offerings  to  meet  the  special  needs,  usually  vocational  or  technical  in  nature,  of  some 
pupils. 

The  learning  activities  are  conducted  in  a classroom-laboratory  situation  providing 
opportunity  for  group  instruction  and  individual  and  group  investigation  and  experi- 
mentation. Pupils  also  participate  in  field  activities  providing  opportunity  to  study 
and  apply  scientific  principles  outside  the  classroom.  Both  inductive  and  deductive 
techniques  are  used  in  the  instructional  activities  to  aid  pupils  in  understanding  scien- 
tific principles  and  in  solving  scientific  problems.  During  the  learning  activities  the 
teacher  acts  as  a guide,  keeping  a proper  balance  between  pupil-exploration  and 
teacher  direction. 
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Organization 


CHECK  i isr 

( ) I . General  science  courses  are  re- 

quired of  all  pupils.  (Indicate 
grades:  ..) 

( ) 2.  A unified  biological -science 

course  (general  biology)  is 
available  to  all  pupils. 

( ) 3.  A physical-science  survey  course 

is  available  to  pupils  in  grade 
11  or  12. 

( ) 4.  General  science  courses  are  al- 

lotted a sufficient  number  of 
periods  per  week.  (The  num- 
ber of  periods  per  week  is 
•) 

( ) 5.  Advanced  science  courses  are  al- 

lotted a sufficient  number  of 
periods  per  week.  (The  num- 
ber of  periods  per  week  is 
•) 


( ) 6.  Science  periods  are  of  sufficient 

length.  (The  period  length  is 
minutes.) 

( ) 7.  Provision  is  made  for  some 
pupils  to  use  the  science 
facilities  outside  regularly  al- 
lotted class  time. 

( ) 8.  Teachers  are  allowed  time  in 
their  assigned  duties  to  pre- 
pare for  laboratory  and  dem- 
onstration experiments. 

( ) 9.  Consideration  is  given  to  such 

factors  as  type  of  activities, 
facilities  available,  and  safety 
of  pupils  in  determining  class 
size. 

( ) 10.  Others. 


Nature  of  Offerings 


CHECK  LIST 

The  science  curriculum  includes  experiences 

( ) 1.  That  develop  knowledge,  un- 

derstanding, and  appreciation 
of  important  principles  of 
science. 

( ) 2.  That  provide  practice  in  apply- 

ing important  scientific  princi- 
ples in  laboratory  situations. 

( ) 3.  That  develop  an  understanding 

of  the  contributions  of  science 
to  daily  life. 

( ) 4.  That  integrate  facts,  concepts, 
and  principles  from  the  sev- 
eral science  fields. 

( ) 5.  That  require  manipulation  of 

scientific  equipment  and  meas- 
urement with  scientific  instru- 
ments. 

( ) 6.  That  provide  opportunity  for 

pupils  to  design  and  construct 
technical  or  semitechnical  ap- 
paratus and  equipment. 

( ) 7.  In  reading  and  interpreting 

various  types  of  scientific  pub- 
lications. 

( ) 8.  In  performing  inductive  and 

deductive  laboratory  experi- 
ments. 


( ) 9.  That  develop  an  understanding 

of  the  elements  of  the  scien- 
tific method. 

( ) 10.  That  encourage  the  develop- 

ment of  a variety  of  scientific 
interests. 

i ) 11.  That  provide  opportunity  to 

study  problems  involving  sci- 
ence in  the  home  and  local 
community. 

( ) 12.  That  develop  an  understanding 

of  the  place  of  science  in  the 
conservation  of  natural  and 
hitman  resources. 

( ) 13.  That  emphasize  recent  scien- 

tific developments  (e.g.,  atomic 
energy,  rocket  propulsion, 
sulpha  drugs) . 

( ) 14.  That  aid  pupils  in  developing 

desirable  scientific  attitudes. 

( ) 15.  That  include  experiences  with 

community  resources  through 
field  activities. 

( ) 16.  Others. 
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Physical  Facilities 


CHECK  LIST 

( ) 1.  General  science  and  Iiiology 

rooms  are  of  sufficient  size 
to  accommodate  largest  class 
without  crowding. 

( ) 2.  Chemistry  and  physics  rooms 
are  of  sufficient  size  to  ac- 
commodate largest  class  with- 
out crowding. 

( ) 3.  A work  area,  set  apart  from  the 

regular  science  classrooms,  is 
provided  for  activities  by  in- 
dividuals and  small  groups. 

( ) 4.  A fully  equipped  demonstration 

area  or  table  is  provided 

which  is  easily  visible  to  all 

members  of  a class. 

( ) 5.  Science  rooms  are  equipped  for 

use  of  audio-visual  equipment. 

( ) 6.  Audio-visual  projection  equip- 
ment is  available. 

( ) 7.  Ventilation  is  provided  to  free 

instructional  areas  of  danger- 
ous or  unpleasant  gases. 

( ) 8.  Laboratory  tables  are  provided 

for  individual  and  small- 

group  work. 

( ) 9.  Acid-resistant  sinks  are  pro- 
vided. 

( ) 10.  Cabinets  or  cases  are  available 

for  display  of  materials. 


( ) 11.  Storage  space  is  provided  for 
laboratory  supplies  and  equip- 
ment. 

( ) 12.  Chemistry  materials  and  equip- 
ment are  provided  for  class 

use. 

( ) 13.  All  chemicals  are  stored  safely. 

( ) 14.  Biology  materials  and  equip- 
ment are  provided  for  class 

use. 

( ) 15.  Physics  materials  and  equip- 
ment are  provided  for  class 

use. 

( ) 16.  Demonstration  equipment  is 
readily  available. 

( ) 17.  First-aid  kits,  neutralizing  solu- 
tions, and  water  are  readily  ac- 
cessible to  the  pupils. 

( ) 18.  Gas  and  electricity  are  available 

for  pupil  use. 

( ) 19.  An  aquarium  is  provided  in 

each  classroom  used  for  bio- 
logical science. 

( ) 20.  A terrarium  is  provided  in  each 

classroom  used  for  biological 
science. 

( ) 21.  A system  of  record-keeping  for 

equipment  and  supplies  is 
used. 

( ) 22.  Others. 


Direction  of  Learning 
In.structional  Staff 


CHECK  LIST 

.Yll  members  of  the  science  staff 

( ) 1.  Have  had  preparation  in  bio- 

logical sciences. 

( ) 2.  Have  had  prejraration  in  physi- 

cal sciences. 

( ) 3.  Have  had  preparation  in  social 

sciences. 

( ) 4.  Have  had  intensive  preparation 

in  the  science  area  in  which 
they  are  now  teaching. 

( ) 5.  Have  had  preparation  in  meth- 

ods of  teaching  science. 

( ) 6.  Have  had  preparation  in  mathe- 

matics. 


( ) 7.  Are  acquainted  with  recent  sci- 

entific developments  and  their 
educational  implications. 

( ) 8.  Are  acquainted  with  recent  de- 

velopments in  the  teaching  of 
science. 

( ) 9.  Have  participated  in  science  ac- 

tivities in  industry  or  business. 

( ) 10.  Are  familiar  with  community 

resources. 

( ) 11.  Are  continuing  their  in-service 
education. 

( ) 12.  Assist  the  librarian  in  the  selec- 

tion of  science  reading  mate- 
rials. 

( ) 13.  Others. 
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CHECK  LIST 


Instructioxai.  Activities 


( ) 1.  Instruction  in  science  contrib-  ( 

utes  to  the  school’s  objectives. 

( ) 2.  Instruction  is  directed  toward  ( 

clearly  formulated,  compre- 
hensive (or  long-range)  ob- 
jectives in  science.  ^ 

( ) 3.  .Specific  instructional  activities 

contribute  to  the  compre-  ( 

hensive  objectives  of  the 
science  program. 

( ) 4.  There  is  evidence  of  careful  ( 

planning  and  preparation  of 
the  instructional  activities. 

( ) 5.  Flexible  or  differentiated  as- 
signments are  used  to  pro-  ( 

vide  for  individual  pupils. 

( ) 6.  Scientific  resources  of  the  com- 
munity and  environment  are  ( 

used. 

( ) 7.  Pupils  participate  in  planning, 

conducting,  and  evaluating  ( 

the  instructional  activities. 

( ) 8.  Science  activities  of  varying  de- 
grees of  difficulty  are  pro-  ( 

vided.  ( 


) 9.  Pupils  are  encouraged  to  raise 

and  define  scientific  problems. 

) 10.  Pupils  use  science  activities  to 
collect  data  and  interpret 
hypotheses. 

) 11.  Particular  emphasis  is  placed 
on  experiments. 

) 12.  A desirable  lialance  between  stu- 
dent exploration  and  teacher 
guidance  is  maintained. 

) 13.  The  classroom  instructional  ac- 
tivities are  integrated,  when- 
ever desirable,  with  extra- 
class science  activities. 

) 14.  Afodels,  charts,  and  specimens 
are  used  in  the  instructional 
activities. 

) 15.  Effective  use  is  made  of  audio- 
visual aids  in  the  instructional 
activities. 

) 16.  Superior  students  are  encouraged 
to  conduct  more  advanced  sci- 
ence projects  and  experiments. 

) 17.  Field  trips  are  conducted. 

) 18.  Others. 


Ix.STRtlCTIOXAI,  MaI'ERIALS 


CHECK  LIST 

( ) 1.  A variety  of  textbooks  and  ref- 

erence materials  is  available. 

( ) 2.  Reading  materials  are  available 

which  provide  for  differences 
in  the  reading  abilities  and 
science  backgrounds  of  pupils. 

( ) 3.  Science  pamphlets  and  non- 

textbook materials  are  avail- 
able. 

( ) 4.  Science  magazines  are  available. 

( ) 5.  IVell-edited  booklists  are  avail- 
able. 


( ) 6.  Teacher-prepared  materials  (such 

as  study  guides)  are  available. 

( ) 7.  Films,  filmstrips,  and  slides  are 

available. 

( ) 8.  Microprojection  apparatus  is 

available. 

( ) 9.  Models  and  specimens  are  pro- 

vided. 


( ) 10. 
i ) 11. 
( ) 12. 


Charts,  maps,  and  similar  visual 
aids  are  provided. 

Audio  aids  are  available  for 
cla.ssroom  u.se. 

Others. 


Methods  oe  Ev  aluaiion 


CTIKCK  LIST 

( ) 1.  Evaluation  is  an  integral  part 

of  the  instructional  activities. 

( ) 2.  Evaluation  activities  place  em- 

phasis upon  the  growth  of  the 
individual  toward  appropriate 
objectives  in  science. 


f ) 3.  variety  of  testing  technitpies 

is  used  (e.g.,  standardized 

tests,  teacher-made  objective 
tests,  essay  examinations) . 

( ) 1.  Diagrams,  charts,  and  pictures 

are  used  in  tests  and  evalua- 
tion. 
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Methods  of  Evaluation— Continued 


<m:CK  LIST 

( ) 5.  Objective  evaluation  is  made  of 

the  laboratory  activities  of 
the  pupils. 

( ) 6.  Evaluation  is  made  of  ptipil  re- 

ports of  their  own  laboratory 
investigations. 

( ) 7.  Evaluation  is  made  of  pupil 

ability  to  apply  the  elements 
of  scientific  method. 

( ) 8.  Evaluation  is  made  of  pupil 

science  projects  which  are  con- 
ducted out  of  school. 

( ) 9.  Ptipils  participate  in  the  evalu- 

ation of  their  own  progress  in 
the  learning  activities. 


( ) 10.  Results  of  evaluation  are  used 

in  assisting  pupils  in  their  se- 
lection of  advanced  science 

courses. 

( ) 11.  Evaluation  of  behavior  changes 

uses  results  from  informal 
conversation  with  pupils,  class- 
room discussions,  and  inter- 
views with  parents. 

( ) 12.  Both  teachers  and  pupils  rec- 

ognize that  tests  should  be 
used  to  reveal  strengths  and 
to  point  out  areas  for  im- 
provement. 

( ) 13.  Others. 


Outcomes 


EVALUATIONS 

( ) a.  To  what  degree  do  pupils  exhibit  an  understanding  of  scieritific  principles? 

( ) b.  To  what  degree  do  pupils  possess  skill  in  interpreting  science  information 

and  literature? 

( ) c.  To  what  degree  do  pupils  possess  skill  in  using  scientific  apparatus? 

( ) d.  To  what  degree  do  pupils  exhibit  ability  to  apply  the  elements  of  scientific 

methods  in  solving  problems? 

( ) e.  To  u’hat  degree  do  pupils  exhibit  an  interest  in  science  as  shown  by  their 

leisure  and  hobby  activities? 

( ) f.  To  what  degree  are  pupils  acquiring  scientific  knowledges  and  skills  to  pre- 

pare them  for  work  or  further  education? 

( ) g.  To  what  degree  do  pupils  possess  a knowledge  of  vocational  opportunities 

open  to  them  in  the  field  of  science? 

2.  STUDENT  EVALUATION  OF  THE  TEACHING 

Student  evaluation  of  the  teaching  can  be  of  great  value.  As  partial  evidence 
of  the  results  of  teaching,  it  can  help  to  provide  direction  for  curriculum  im- 
provement. The  learner's  reaction  determines,  to  a great  extent,  the  nature 
and  effectiveness  of  what  he  learns. 

It  requires  courage  lor  a teacher  to  seek  this  evidence  by  questionnaire. 
It  will  be  more  valid  in  this  case  il  cjuestionnaires  are  not  signed.  When 
miineographed,  items  may  be  changed  to  meet  local  conditions. 


Student  Questionnaire  on  Science  Teaching 

Here  is  a list  of  statements  about  your  science  course.  What  do  you 
think  is  good  and  ivhat  not  so  good?  You  are  asked  to  check  the 
statements,  under  Yes,  Doubtfulff),  or  No— so  that  there  may  be  a good 
report  on  what  you  think.  You  need  not  sign  your  name. 
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Check  each  staternejit  truthfully  and  thoughtfully  so  that  the  best 
kind  of  course  can  be  planned  for  you  and  for  those  who  will  follow  you. 

Examples 

The  topics  I study  in  science  are  very  valuable  to  me 

My  fellow  students  are  friendly 

My  teacher  is  hard  to  get  to  know 


I’es 


Check 

n. 


Xo 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 
9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 
21. 
22. 


23. 

24. 

25. 


Your  Opimo.ns 


This  science  course  is  very  interesting  to  me 

I am  getting  information  that  will  be  valuable  all  my  life 

This  course  will  help  me  in  my  chosen  occupation 

The  way  this  class  is  run  helps  me  to  make  friends 

Sometimes  the  subject  is  “over  my  head.” 

I would  be  learning  more  if  I were  working  somewhere 

I have  trouble  in  studying  science 

The  teacher  seems  to  have  some  favorites  in  this  class 

My  assignments  in  this  class  are  clear  and  definite 

My  work  in  science  is  teaching  me  to  think  scientifically— to  con- 
sider facts  and  make  decisions 

Most  of  my  work  in  this  course  is  done  so  that  I can  s:et  a "’ood 
grade ” 

My  teacher  is  up  to  date  in  what  he  knows  and  does 

The  teacher  in  this  class  does  most  of  the  talking: 

O 

I am  learning  how  to  do  experiments  and  handle  apparatus. 

I would  like  to  have  a science  laboratory  of  my  own 

My  teacher  should  mix  more  freely  with  the  students 

I am  afraid  when  I am  called  on  to  make  reports 

I have  opportunities  to  act  as  a leader  in  this  class 

My  teacher  praises  pupils  more  often  than  he  blames  them 

The  pupils  in  this  class  help  to  plan  the  work 

I feel  free  to  talk  over  my  personal  problems  with  my  teacher. 

My  teacher  seems  to  like  his  job 

My  teacher  has  a good  sense  of  humor 

Disciplinary  cases  are  well  handled  in  tliis  class 

I am  enthusiastic  about  my  work  in  this  class 

If  you  weie  planning  for  this  class,  u’hat  changes  u’ould  you  make? 
List  any  changes.  Use  the  other  side  of  this  paper. 


3.  EV4LIJATING  STUDENT  ACHIEVEMENT 

The  following  self-appraisal  student  rating  chart  may  he  u.sed  once  each 
semester  in  a class  or  homeroom:  (1)  to  stimulate  needed  self-analysis,  (2) 
to  call  attention  of  students  to  areas  of  personal  growth,  (3)  to  recognize 
these  areas  as  goals,  and  (4)  to  evaluate  progress.  The  items  may  be  changed 
to  suit  local  conditions  when  the  chart  is  mimeographed. 
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Test  Items  That  Measure  Ability  in  Scientific  Thinking 

In  arldition  to  the  customary  test  items  which  measure  the  memory  of 
faclua!  riata,  there  is  neetl  for  many  items  which  measure  student  ability: 
(1)  to  interpret  data,  (2)  to  weigh  evidence,  (3)  to  form  generalizations  or 
principles,  (4)  to  apply  generalizations  or  principles  to  new  situations.  Every 
science  test  should  contain  paper-pencil  items.  The  following  examples  will 
suggest  to  the  teacher  many  similar  items  which  can  be  included  in  homemade 
tests.  Your  State  Science  Committee  needs  many  items  of  these  types. 


1.  Ability  to  Interpret  Data 

Test  Item 


Substance 

Solubility 
at  20°  C. 

Solubility  at 
Boiling  Point 
of  Saturated 
Solution 

Boiling  Point 
of  Saturated 
Solution  in 
Degrees  C. 

NH4CI 

37.2 

88.9 

114.2 

BaCla 

35.7 

60.1 

104.4 

CaCL 

74.5 

325.0 

179.5 

Ca(OH), 

0.165 

0.05 

100.0 

FeSO, 

26.5 

177.8 

102.2 

K0CO3 

110.5 

205.0 

135.0 

KNO3 

31.6 

284.6 

114.5 

K3SO4 

11.11 

21.21 

101.7 

NaCl 

36.0 

41.2 

108.4 

Na^SOi 

15.0 

43.0 

103.0 

Check  the  appropriate  space  on  the  right  which  indicates 
that: 


3. 


4. 


6. 


1 1 2 

3 

I.  The  conclusion  is  clearly  indicated  by  the  above  data. 

V 1 

2.  The  conclusion  may  be  true  but  is  not  indicated  by 
the  above  data 

1 

1 V 
1 

B.  The  conclusion  is  unsupported  by  the  above  data.  . . 

1 

V 

CONCLUSIONS 

1 1 2 

3 

The  greater  the  weight  of  the  solute  present,  the  higher 
the  boiling  point  of  the  saturated  solution 

All  substances  increase  in  solubility  as  the  temperature 
is  increased 

Potassium  salts  undergo  the  greatest  increase  in  solubility 
as  the  temperature  is  raised 

Sulfates  have  the  lowest  boiling  points  found  among 
saturated  salt  solutions 

Chlorides  have  the  highest  boiling  points  found  among 
saturated  salt  solutions 

The  boiling  points  of  saturated  salt  solutions  do  not  de- 
pend upon  the  rates  at  which  their  solutes  increase  in 
solubility  with  increase  in  temperature 
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2.  Ability  to  Apply  Generalizations  to  New  Situations 

a.  Test  items  of  this  type  measure  the  most  vital  outcomes  of  functional 
science  education.  The  real  lest  of  education  is  the  ability  to  apply  it  to 
daily  living  as  an  explanation  of  phenomena,  and  to  further  science  education. 

Items  for  the  evaluation  of  these  abilities  can  readily  Ite  developed  from  the  Daily 
Phenomena  and  Scientific  Principles  which  are  included  in  the  Student  Self-.\ppraisal 
Check  Lists  to  he  found  in  Chapter  III,  Scope  and  Sequence. 

Either  of  the  two  columns  can  be  made  the  base  for  a requirement  for  filling  in 
the  other  column.  For  example: 

Test  Item 

List  eight  scientific  principles  or  laws  in  brief  which  are  illustrated  bv  any  of  the 
following  industrial  uses  or  machines: 


Uses  or  machines 


SrieJTtific  Principles 


air  compressors,  air  brakes, 
drying  clothes,  engines  and 
motors,  pumps,  vacuum  clean- 
ers, tires,  sprayers,  carburetors, 
siphons,  milking  machines, 
ventilation 


(.Student’s  answers) 

1.  Molecular  action 

2.  Gas  pressure 

3.  Temperature  change 

4.  Vaporization 

3.  Atmospheric  pressure 

6.  AVeight  of  gas 

7.  Charles’  laws 

8.  Gav  Lussac’s  law 


Conversely,  an  item  may  be  framed  to  read  as  follows:  Name  ten  uses  or  machines 
which  employ  the  scientific  principles  which  are  listed. 

b.  Another  type  of  test  item  designed  to  measure  or  show  ability  to  apply 
principles  or  knowledge  is  as  follows: 

Test  Item 

According  to  the  kinetic-molecular  theory: 

(1)  All  matter  is  made  up  of  molecules. 

(2)  These  molecules  are  in  continuous  motion. 

(3)  Molecules  have  an  attraction  for  one  another. 

(4)  If  any  material  is  heated,  its  molecules  move  with  increased  speed  tiuis 
causing  them  to  spread  farther  apart. 

The  molecular  theory  explains  the  following  phenomena: 

(a)  Capillary  action,  (b)  Cohesion,  (c)  Adhesion,  (d)  Expansion,  (e)  Elasticity, 
(f)  Diffusion,  (g)  Surface  tension. 

After  each  statement  put  first  the  letter  indicating  the  name  of  the  above  phe- 
nomenon, and  second  the  number  of  the  statement  which  causes  the  phenomenon. 

Letters  Numbers 

1.  A bottle  of  ammonia  opened  in  one  corner  of  a room 
may  soon  have  its  odor  detected  in  any  part  of  the 

room.  1. 

2. ____ 

3. ____ 


2.  Water  rises  in  the  soil. 

3.  A steel  razor  blade  can  be  made  to  float  on  water. 
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4.  Wiping  your  hands  on  a towel  will  dry  them.  4.^ 

5.  A small  amount  of  sugar  dissolved  in  water  makes 

all  the  water  taste  sweet.  5.. 

6.  Gases  increase  in  volume  when  heated.  6.. 

7.  Lime  sticks  to  the  hands.  7.. 

8.  If  you  put  your  finger  in  mercury  it  does  not  Isecome 

wet.  8.. 

!).  Mucilage  will  cause  two  pieces  of  paper  to  stick 

together.  9.. 

10.  The  crack  between  iwo  adjoining  railroad  rails 

widens  in  winter.  10. 


3.  Test  Items  Involving  Students’  Ability  to  Do  Discriminative  Thinking  and 
to  Synthesize  Their  Knowledge 

■Suppose  a physics  teacher  has  taught  the  units  on  sound  and  light,  but  he  has 
not  stressed  the  similarities  or  differences.  Lhen  the  following  would  require 
discriminative  thinking. 

Write  in  the  space  below  the  letter  indicating  the  correct  statement  for  each  num- 
bered item. 

A The  item  is  true  of  light  only 

71  The  item  is  true  of  sound  only 

C The  item  is  true  of  both  sound  and  light 

D The  item  is  true  of  neither  sound  nor  light 

1.  Its  velocity  in  air  is  greater  than  in  water 

2.  It  can  travel  through  a vacuum 

•S. It  can  be  reflected 

4.  It  requires  energy  for  production 

5.  It  can  be  refracted 

4.  Test  Items  Effective  in  Measuring  How  Students  Can  Make  Comparisons 
Based  on  Discriminative  Thinking  and  Synthesis  of  Knowledge: 

Write  in  the  space  below  the  letter  irTdicating  the  correct  statement  for  each  num- 
bered item. 

A The  item  on  the  left  is  greater  than  the  item  on  the  right 

li  The  item  on  the  right  is  greater  than  the  item  on  the  left 

C The  two  items  are  essentially  the  same 

1 .  Density  of  metals  . . Density  of  nonmetals 

2.  Thermal  conductivitv  of  metals  . Thermal  conductivity  of  nonmelals 

3.  Oxidizing  power  of  chlorine  Oxidizing  power  of  bromine 

4.  Reducing  ability  of  sodium  Reducing  ability  of  cesium 

5.  Acidity  of  oxides  of  metals  . . Acidity  of  oxides  of  nonmetals 
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5.  Test  Items  to  Measure  How  Students  Can  Handle  Correlated  or  Cause  and 
Effect  Relationships* 

On  the  line  preceding  each  of  the  follounng  paired  items,  write  the  letter  which 
applies 


A 

If  increase 
increase  in 

in 

the 

one  of 
other 

the 

situations 

referred 

to  is  usually 

accompanied 

by 

B 

If  increase 
decrease  in 

in 

the 

one  of 
other 

the 

situations 

referred 

to  is  usually 

accompanied 

by 

C If  one  of  the  situations  referred  to  tends  to  remain  tlie  same  when  the  other 
increases  or  decreases 


D If  the  two  are  totally  unrelated 

1. Amount  of  carbonates  dissolved  in  tiie  water  of  a river 

Number  of  clams  in  the  river 

2- Temperature  of  the  environment  of  a bird  or  mammal 

Body  temperature  of  the  bird  or  mammal 

3.  Size  of  the  orbit  of  a planet 

Period  of  revolution  of  the  planet 

4.  The  mass  of  a body  or  object 

The  speed  at  which  the  body  falls  in  a vacuum 


6.  True  and  False  Testing  (Check  T or  F) 


a.  Testing  to  Appraise  Cause  and  Effect  Relationships 

T F Boards  will  always  warp  if  they  are  piled  out  of  doors  in  the 
light  of  the  moon. 

T F A falling  barometer  indicates  rain. 

T F Throwing  salt  over  the  shoulder  will  drive  away  bad  luck. 

T F The  rate  of  plant  growth  depends  upon  the  sun,  rain,  and  soil. 

T F Handling  toads  causes  warts  to  grow  on  the  hands. 


b.  Testing  to  Appraise  Honesty 

T F When  a pupil  has  a chance  to  get  help  while  taking  a written 

test,  it  is  all  right  to  do  so  if  the  teacher  is  not  looking. 

T F It  is  better  to  fail  than  to  cheat. 

T F It  is  justifiable  to  walk  into  a football  game  without  a ticket  if 

the  ticket-taker  is  not  watching. 

T F The  satisfaction  of  being  honest  is  better  than  any  other  reward. 

T F It  is  justifiable  to  keep  a purse  containing  a considerable  sum 

of  money  and  say  nothing  about  it  if  you  found  it  and  no  one 
saw  you  find  it. 

T F Experiments  should  be  reported  with  observations  uninfluenced  by 

preconceived  ideas. 

T F It  is  justifiable  to  refrain  from  paying  a debt  if  your  creditor  does 

not  send  you  a bill. 

T F IVhen  a fellow  student  wants  aid  on  a test,  it  is  best  to  help  to 

teach  him  to  be  responsible  for  himself. 

Many  other  approaches  can  be  worked  out  to  measure  skill,  attitudes,  and  applica- 
tion of  knowledge. 

* Measurement  and  Evaluation  in  the  Secondaty  School,  Greene,  Jorgensen,  Gei- 
berich  (Longmans,  1948  ed.,  pages  422-426)  gives  examples  of  various  types  of  ques- 
tions and  means  of  testing  scientific  attitudes,  application  of  princi[)les,  ability  to  dis- 
tinguish between  fact  and  theory,  etc.  There  are  examples  to  measure  intellectual 
honesty,  open-mindedness,  cause  and  effect  relationships,  suspended  judgment,  criticism, 
and  the  like. 
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c.  Testing  or  Supporting  Evidence 
In  the  space  provided  place  the  letter: 

A If  the  statement  is  true  and  the  reason  given  supports  the  statement. 

B If  the  statement  is  true  and  the  reason  given  does  not  support  the  statement. 

C If  the  statement  is  false. 

1.  -A  vibrating  tuning  fork  cannot  be  heard  in  a vacuum,  because  only  air 

transmits  sound  waves. 

2.  Middle  C of  the  violin  sounds  different  from  middle  C of  the  piano,  because 

of  difference  in  frequency. 

3.  I he  speed  of  sound  waves  in  warm  air  is  greater  than  in  cold,  because  the 

speed  depends  in  part  on  the  density  of  the  air. 

4.  Sound  waves  are  transmitted  only  by  gases,  because  only  gases  transmit 

longitudinal  waves. 


7.  Ability  to  Weigh  Evidence — The  Nature  of  Proof 

Test  Item 

Two  boys  from  a science  class  had  been  discussing  how  the  sun  and  moon  might  be 
eclipsed  when  they  noticed  suddenly  that  the  light  was  growing  dim.  Whereupon  one 
exclaimed,  “We  must  be  having  an  eclipse  of  the  sun!”  Was  his  inference  sound? 


Directions  for  Part  I. 

Statements  are  sometimes  made  which  actually  lead  away  from  the  conclusion,  or 
which,  though  true,  have  nothing  to  do  with  it.  Read  carefully  each  statement  on  p. 
332.  Accept  each  statement  as  true.  T hen,  decide:  Does  it  lead  to  the  conclusion?  Or, 
does  it  lead  away  from  the  conclusion?  Or,  does  it  have  nothing  to  do  with  the  con- 
clusion—that  is,  is  it  irrelevant?  Next,  check  each  statement  in  the  appropriate  column 
at  the  left.  (Disregard  at  this  time  the  columns  to  the  right.) 

Directions  for  Part  II. 

Another  way  to  test  a proof  is  to  identify  the  part  of  the  evidence  which  can  be 
accepted  as  fact  and  to  determine  what  part  of  the  evidence  must  be  regarded  as 
assumption. 

This  time  do  not  accept  the  thirteen  statements  on  page  332  as  true.  Instead, 
critically  examine  each  one  in  the  light  of  the  conclusion  and  mark  in  the  appropriate 
column  at  the  right  whether  it  is  a fact  or  an  assumption  or  whether  you  are  unde- 
cided what  to  call  it. 


8.  Novelty  Questions  which  Establish  Good  Rapport 

a.  Let  us  assume  you  could  live  on  the  moon.  Certain  signs  are  located  in 
various  areas  bearing  the  following  statements  or  warnings 

Write  the  letter  A,  if  the  sign  would  be  useful;  B,  if  the  sign  would  not  be 
necessary. 

1.  No  swimming  allowed! 

2.  Keep  oil  the  grass! 

3.  The  plane  leaves  in  ten  minutes. 

Jumping  over  this  building  probibiled. 
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5.  Please  do  not  shout. 

6.  Look  out  for  meteors! 

7.  See  the  lovely  sunset  from  this  point  of  vantage. 

8.  No  smoking! 

Stippose  that  Dalton,  Madame  Curie,  Aristotle,  Democritus,  and  Becquerel  are 
broadcasting  a roundtable  disctission  from  Radio  Station  STYX.  Identify 
(he  speaker  of  each  7iu inhered  statement  liy  ttsing  the  following  code: 

A Madame  Curie 
B Democritus 
C Becquerel 
D Aristotle 
E Dalton 

One  of  the  group  begins  the  discussion  by  saying,  “A  few  days  ago  I read 
the  following  paragraph  in  a recently  published  chemistry  textbook: 

“ ‘Can  all  forms  of  matter— all  substances— be  divided  continuously  and 
without  limits  into  smaller  and  smaller  particles,  each  particle  always 
retaining  properties  that  identify  it  as  a portion  of  the  substance  that 
is  diviiled?  Or  is  it  possible  finally  tO'  obtain  by  division  ultimate  par- 
ticles—particles  that  cannot  be  further  divided  without  destroying  the 
properties  and  the  identity  of  the  substance?’ 

“Now  what  are  the  viewpoints  of  the  round  table  concerning  this 
problem?’’ 

1.  “Well,  since  I was  given  credit  for  the  first  atomic  or  particle 

theory  of  matter,  my  atoms  were  considered  to  be  the  ultimate  par- 
ticles of  all  matter;  there  are  as  many  kinds  of  atoms  as  there  are 
varieties  of  matter." 

2.  “The  explanation  is  quite  simple,  because  I experimentally  proved 

and  demonstrated  the  Law  of  Multiple  Proportions.  This  convinced 
me  that  matter  is  made  up  of  ultimate  particles  called  atoms;  and 
they  can’t  be  divided  into  anything  else.” 

3.  “But  you  seem  to  forget,  my  friends,  that  these  atoms  and  elements 

of  which  you  speak  are  not  all  stable,  permanent,  and  ultimate  par- 
ticles. I personally  discovered  that  some  disintegrate  and  decompose, 
spontaneously  liberating  energy  and  smaller  particles.  Remember? 
I got  the  Nobel  Prize  for  this.” 

4.  “This  discussion  is  too  much  for  me!  There  are  no  such  things  as 

atoms  and  elements.  Didn’t  I discard  the  elemental  and  atomic  con- 
cepts, and  conclude  from  my  observations  that  all  matter  consists 
of  a fundamental  substance  called  hyle?  And  too,  the  properties  or 
cjualities  possessed  by  all  forms  of  matter  are  only  wetness,  dryness, 
cold,  and  heat.” 

5.  “I  do  not  agree  with  the  last  remark!  My  contention  is  that  my 

distinguished  colleague,  the  Nobel  Prize  winner,  is  correct.  I sub- 
stantiated his  findings,  and  further  investigated  the  plienomenon  of 
spontaneous  disintegration  of  matter.  This  work  laid  the  founda- 
tions for  further  research  which  definitely  proved  that  atoms  are 
not  the  ultimate  particles,  but  that  there  are  still  smaller  particles 
and  units  which  make  up  atoms.” 

“I  am  sorry,  but  we  must  bring  tliis  program  to  a close.  I wish  to  thank  eacli 
one  of  you  for  coming  here  today.  Our  listeners  will  no  doubt  agree  that  the 
age-olil  problem  of  the  composition  of  matter  is  now  much  clearer.  ’ 

[Sign-off.] 
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SUMMARY 

1.  Evaluation  is  the  process  of  gathering,  interpreting  and  using  evidence  on  tlie 
growth  in  the  way  students  think,  feel,  and  act.  It  includes  measurements  and  other 
dimensions  as  well. 

2.  The  learner  functions  as  a unit.  As  growth  is  comprehensive,  so  must  be  its  evalua- 
tion. Otherwise  teaching  and  learning  may  result  only  in  the  artificial  memoriza- 
tion of  factual  information. 

3.  What  is  evaluated  determines  what  is  taught. 

4.  Few  tests  can  be  purchased  to  measure  functional  outcomes.  These  must  be  teacher- 
constructed. 

5.  As  much  objective  measurement  as  possible  must  be  used.  However,  to  appraise 
the  greater  outcomes— understanding,  attitudes,  and  changes  in  the  way  students 
think,  feel,  and  act— questionnaires  and  check  lists  are  indispensable. 

6.  Newer  type  of  pencil-paper  test  items  involve  the  ability:  (1)  to  interpret  data, 
(2)  to  weigh  evidence,  (3)  to  form  generalizations  or  principles,  and  (4)  to  apply 
principles  to  new  situations. 

7.  Since  evaluation  is  an  integral  part  of  teaching,  growth  toward  its  objectives  should 
be  a constant  challenge. 
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Annotated  Bibliography  on  Science  Education 

Allen.  C.  R.,  I.vinan,  I>.  B.,  The  Wonder  Book  of  the  Air.  Pliiladelphia,  J.  C.  Winston 
Com|)any.  1942. 

• \n  interesting  book  for  high  school  students,  especially  interested  in  travel  hy  air. 

■Almstead.  F.  E.,  Laboratory  Manual  in  Radio.  New  York,  McGraw-Hill  Book  Com- 
pany, Inc.,  1943. 

ibis  inantial  contains  experimental  study  of  radio  and  the  principles  involved. 

.Gnerican  I’echnical  Society,  Applied  Electricity.  New  York,  McGraw-Hill  Book  Com- 
pany, Inc.,  1946. 

A complete  course  in  electricity,  excellent  for  use  as  reference  for  physics. 
.American  'rechnical  Society,  Science  and  Life  in  the  World.  The  Future  of 
.-Itoniic  Energy.  The  George  Westinghouse  Centennial  Forum.  The  social  anti 
sdentilic  aspects  of  atomic  energy. 

.\mcrican  I'echnical  Society,  Applied  Electricity,  Vol.  II.  Chicago,  American  rechni- 
tal  .Society,  1939. 

1 he  treatment  of  electrical  theories  is  clearly  brought  out  without  the  use  of 
tlifficult  mathematics  anti  unnecessary  technical  phrases.  This  hook  is  not  too 
tliflicult  for  use  hy  high  school  physics  classes. 

.American  Technical  Society,  Applied  Electricity,  Vol.  III.  Chicago,  American  Techni- 
tal  Society,  1942. 

The  principle  of  1).  C.  electrical  machinery  with  special  emphasis  on  armature 
winding,  i’repared  primarily  for  students  preparing  for  careers  in  electricity. 

, American  lechnical  Society,  Fundanienlals  of  Electricity.  Chicago,  .American  Technical 
Society,  1943. 

A good  hook  for  physics  sttidents  doing  electrical  projects. 

Atherton.  Ralph,  Principles  of  Radio  for  Operators.  New  York,  The  Macmillan  Com- 
pany, 194.5. 

This  hook  contains  material  that  was  used  to  train  men  and  women  as  radio 
operators  during  AVorld  War  H.  1 he  first  part  ol  the  hook  deals  with  electricity, 
the  remainder  pertains  to  radio.  High  school  science  classes  would  not  liiul 
this  hook  too  difficult,  if  they  had  the  necessary  eciuipment  to  work  with. 

Beauchamp,  W.  L.,  Science  Problems.  New  York,  .Scott,  Foresman  and  Company,  1938. 
General  Science  set  up  in  eleven  complete  units. 

Benson,  A.  L.,  The  Story  of  Geology.  New  York,  Farrar  & Rinehart,  Inc.,  1927. 

This  hook  is  not  too  dillicult  for  high  school  students  and  it  could  he  used  as  a 
reference  hook  for  general  science. 

Bet/.,  William,  Algebra  for  Today.  New  York,  Ginn  and  Company,  1941. 

Black,  N.  H.,  and  Davis,  H.  N.,  Elementary  Practical  Physics.  New  York,  I he  Afacmil- 
lan  Company,  1938. 

Fhis  book  makes  an  ellort  to  explain  clearly  as  it  goes  along  from  simple  to 
complex. 
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Black,  N.  H..  and  Davis,  H,  N,,  Xew  Practical  Physics.  New  York,  The  Macmillan 
Company,  1946. 

I his  book  treats  physics  in  the  light  of  its  social  and  industrial  uses  and  handles 
it  as  a practical  science. 

Blackburn,  E.  F.,  Naingation  Principles.  ^Vashington,  ,\irlines  ^Var  'Fraining  Institute, 
1944. 

.V  hook  prepared  for  aircraft  flight  crews.  Too  complex  for  most  high  school 
students. 

Blair,  T.  Weather  Elements.  Xew  York,  Prentice-Hall,  Inc.,  1937. 

Fhis  hook  is  an  introduction  to  the  science  of  meteorology.  Although  mcteorologv 
is  rarely  tatight  in  high  schools,  this  hook  will  make  an  excellent  reference  for 
any  science  course.  Can  he  tised  for  reference  in  physics,  relative  to  harometer,  and 
air  ctirrents,  etc. 

Bower,  E.  O.,  and  Robinson,  E.  P.,  Dynamic  Physics.  Chicago,  Rand  McNally  8:  C.om- 
pany,  1943. 

This  hook  is  divided  into  twelve  districts  or  units,  and  is  subdivided  into  several 
areas  per  unit.  It  has  excellent  problems  and  investigations. 

Bradley,  A.  D,,  Mathematics  of  Air  and  Marine  Navigation.  New  York,  American  Book 
Company,  1942. 

Fhis  text  is  suitable  for  anyone  interested  in  navigation.  The  student  should 
have  had  high  school  trigonometrv.  Manv  practical  problems  to  he  solved.  Prob- 
ably rarely  used  in  high  schools. 

Brown,  H.  E.,  and  .Schwachtgen,  E.  C.,  Physics,  the  Story  of  Energy.  Boston,  D.  C. 
Heath  & Company,  1949. 

The  book  is  designed  for  a year's  studv  in  high  school  |)hysics  for  beginning 
students.  A very  readable  book. 

Brueckner,  L.  J.,  and  Grossnickle.  F.  E.,  Mathematics  II’c  fbe.  Philadelphia,  I he 
John  C.  Winston  Companv.  1945. 

Fhis  book  is  for  use  in  the  eighth  grade.  ,\n  approach  to  the  practical  side  of 
mathematics. 

Bureau  of  .Aeronautics,  Principles  of  Flying.  New  York,  McGraw-Hill  Co.,  Inc.,  1943. 
Fhis  book  explains  the  whys  and  problems  of  living,  and  would  be  a great  hel[) 
both  to  teachers  and  students  of  j)reflight  courses. 

Burnett,  C.,  .itomic  Energy.  New  York,  Charles  E.  Merrill  Company,  1949. 

'Fhis  booklet  contains  text  tinits  on  atomic  energy  for  social  studies  and  science. 
It  contains  very  easily  understood  explanations  on  atomic  energy  and  its 
implications. 

Burns,  E.  E.,  and  others.  Physics,  a Basic  Science.  New  York,  D.  Van  Nostrand  Com- 
pany, Inc.,  1943. 

This  book  is  good  for  use  in  high  school  physics. 

Bush.  G.  L.,  Guided  Activities  in  Senior  Science.  New  York,  .American  Book  Companv, 
1937. 

'Fhis  manual  contains  manv  self-testing  exercises,  laboratory  experiments,  and 
other  activities  for  high  school  senior  science  classes.  Fhe  manual  is  not  difficult. 

Caldwell,  O.  AAb,  and  Curtis,  F.  D.,  Everyday  Science.  Boston,  Ginn  and  C^oiupany, 
1943. 

Covers  the  general  science  field  well,  contains  useful  self-tests. 

Carlson,  Fred  A.,  Geography  of  Latin  America.  New  York,  Prenticc-Hall  Company, 
1943. 

Fhis  book  is  on  a college  level,  but  it  cotdd  be  of  a value  to  high  school  .seniors 
when  studying  a unit  on  foods  or  textiles. 
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Civil  Aeronautics  Administration,  Demonstration  and  Laboratory  Experience  in  the 
Science  of  Aeronautics.  New  York,  McGraw-Hill  Book  Company,  Inc,,  1945. 

A good  book  for  high  school  seniors  studying  preflight. 

Colby,  C.  C.,  and  Foster,  A.,  Economic  Geography.  New  York,  Ginn  and  Company, 
1940. 

A helpful  reference  book  for  science  classes. 

Conn,  H.  W.,  Bacteria,  Yeasts  and  Molds  in  the  Horne.  New  York,  Ginn  and  Com- 
pany, 1932. 

A good  text  for  senior  high  school  students  in  bacteriology.  Useful  as  reference 
l)ook  for  other  sciences. 

Cushing,  Burton  L.,  Fundamentals  of  Machines.  New  York,  Ginn  and  Company,  1943. 

■Suitable  for  a physics  reference  book,  when  studying  the  unit  on  machines. 
Davis,  D.  H.,  The  Earth  and  Man.  New  York,  The  Macmillan  Company,  1943. 

This  hook  is  designed  for  beginning  geography  classes  in  colleges  and  universities. 
It  might  be  of  some  use  as  a reference  book  to  senior  science  classes  in  high  school. 

Farhart,  Amelia,  Last  Flight.  New  York,  Harcourt,  Brace  8c  Company,  Inc.,  1937. 

Amelia  Earhart  was  lost  in  the  Pacific  in  July  of  1937.  Her  narrative,  Last  Flight, 
was  edited  by  her  husband,  George  Palmer  Putnam.  It  is  based  on  cable  and 
telephone  messages  and  notes,  and  the  logbook  returned  from  stopping  places 
en  route. 

Fliy,  G.  S.,  and  others,  The  Physical  Sciences.  New  York,  Ginn  and  Company,  1943. 

Very  complete  explanations  of  all  aspects  of  physical  science.  Useful  as  reference 
in  physics  and  chemistry. 

Einstein,  .4.,  and  Infield,  L.,  The  Evolution  of  Physics.  New  York,  Simon  & Schuster, 
1938. 

This  book  is  a history  and  development  of  physics  from  early  concepts  to  rela- 
tivity and  quanta.  Interesting  reading  for  advanced  science  students. 

Finch,  V.  C.,  and  others,  Elementary  Meteorology.  New  York,  McGraw-Hill  Book 
Ciompany,  Inc.,  1942- 

T his  book  could  be  used  in  the  senior  year  of  college.  Especially  good  for  pre- 
flight courses. 

Floberty,  J.  J.,  Behind  the  Microphone.  New  York,  The  J.  B.  Lippincott  Co.,  1944. 

-\n  interesting,  well-written  ^tory  about  radio  broadcasting.  Especially  valuable  to 
anyone  wishing  to  enter  radio  as  a career. 

Fox,  Sidney  A.,  Your  Eyes.  New  York,  D.  Daniel  Ryerson,  Inc.,  1944. 

3VTat  everyone  needs  to  know  about  his  seeing  apparatus,  for  his  own  good.  A 
well-written  informative  book. 

Fitzgerald,  J.  and  others,  Drive  and  Live.  New  York,  Johnson  Publishing  Com- 
pany, 1937. 

High  school  education  in  driving. 

Fitzpatrick,  F.  L.,  and  Stiles,  K.  A.,  The  Biology  of  Flight.  New  York,  The  Macmillan 
Company,  1942. 

This  book  covers  the  origin  of  flight,  the  different  insects  and  birds  and  the  effect 
of  flight  upon  man. 

Fuller,  R.  AV.,  and  others.  Elements  of  Physics.  New  York,  Allyn  & Bacon,  1948. 

This  book  is  suitable  for  high  school  physics. 

Fuller,  R.  AA'^.,  and  others.  First  Principles  of  Physics.  New  York,  Allyn  & Bacon,  1932. 
This  book  includes  excellent  chapter  summaries  and  cpiestions. 
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Furnas,  C.  C.,  The  Next  Hundred  Years.  New  York,  Reynal  & Hitclicock,  1936. 

■A  very  readable  book  for  students  interested  in  science.  .\  good  reference  book 
for  the  several  branches  of  science. 

Graham,  F.  D.,  Audels  Handy  Book  of  Practical  Electricity.  New  York,  T.  Atidel  & 
Co.,  1929. 

This  book  was  primarily  designed  for  professional  electricians,  but  it  would  be 
valtiable  for  students  in  electricitv  or  physics  students  doing  electrical  projects. 
The  book  contains  many  wiring  diagrams. 

Graham,  F.  D.,  Audels  Mathematics  and  Calculations  for  Mechanics.  New  York,  T, 
Audel  and  Company,  1937. 

Excellent  reference  for  mathematics  and  science  sttidents. 

Hausmann,  E.,  Elements  of  Electricity.  New  York,  D.  Van  Nostrand  Company,  Inc., 
1943. 

This  book  presents  a basic  course  in  electricity.  .Since  electricity  is  basic  to  the 
study  of  many  other  fields  in  science,  this  book  is  very  valuable.  Many  diagrams 
and  illustrations  are  included. 

Hecht,  Selig,  Explaining  the  Atom.  New  York,  Viking  Press,  1947. 

This  book  is  designed  to  help  the  layman  understand  the  basis  and  development 
of  atomic  energy.  It  is  not  difficult  reading  for  the  above  average  and  average 
high  school  student. 

Heitner,  Joseph,  and  others.  Elements  of  .iutomolive  Mechanics.  New  York,  D.  \'an 
Nostrand  Company,  Inc.,  1943. 

An  excellent  book  on  elementary  automotive  mechanics. 

Heilman,  C.  I.,  Elements  of  Radio.  New  York,  D.  Van  Nostrand  Company,  Inc.,  1943. 
complete  book  on  the  workings  of  radio.  4'he  elements  of  television  are  also 
discussed.  Excellent  reference  for  physics  students. 

Helmholtz,  H.  L.,  Popular  Science  Talks.  Philadelphia,  Philadelphia  College  of 
Pharmacy  and  Science,  1924. 

Interesting  reading  for  a better  than  average  high  school  student  who  is  interested 
in  science. 

Henderson,  W'.  D.,  Physics  Guide  and  Laboratory  Exercises.  New  York,  Lyons  & 
Carnahan,  1943. 

.An  excellent  laboratory  guide  in  physics,  can  be  used  with  any  text.  It  contains 
129  problems  and  64  experiments. 

Hobbs,  G.  M.,  and  others.  Fundamentals  of  Machine.  Chicago,  .American  Fechnical 
Society,  1943. 

This  book  was  written  primarily  for  those  preparing  for  war  service.  It  could  be 
used  as  reference  book  for  all  physical  sciences. 

Hobbs,  C.  M.,  Fundamentals  of  Machine  Workbook.  Chicago,  .American  Technical 
Society,  1943. 

I'his  is  a workbook  to  be  used  with  Fundamentals  of  Machine  for  those  preparing 
for  war  service.  A'erv  well  correlated  with  te.xt,  cotdcl  be  used  in  other  courses. 

Hobbs,  4V.  H.,  and  others.  Practical  Mathematics.  Chicago,  .American  School  of  Cor- 
respondence, 1913. 

1 his  book  is  intended  for  students  of  engineering.  It  has  practical  problems  the 
engineer  meets. 

Hobby,  O.  C.,  Mr.  Chairman.  New  AVilmington,  4 he  Economy  Company,  1937. 

.A  complete  book  on  parliamentary  procedure.  Helpful  to  all  clubs  and  organiza- 
tions from  first  year  high  school  through  college. 

Holclane,  J.  B.,  Science  and  Human  Life.  New  York,  Harper  and  Brothers,  1933. 

4'his  book  is  a broad  view  of  science  and  the  social  implications  to  human  life. 
Excellent  book  for  the  academically-minded  science  student. 
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Hopkins,  B.  S.,  and  others,  Chemistry  and  You.  New  York,  Lyons  & Carnahan,  1944. 
A practical  Itook  in  high  school  chemistry. 

Hornung,  J.  L.,  Radar  Primer.  New  York,  McGraw-Hill  Rook  Company,  Inc.,  1948. 
The  author  treats  a highly  technical  topic  in  a manner  readily  understandable 
by  laymen.  Useful  as  reference  for  high  school  physics. 

Jones,  B.,  Elements  of  Practical  Aerodynamics.  New  York,  J.  Wiley  & Sons,  Inc., 
1939-42. 

book  for  advanced  students  in  aviation.  Possibly  useful  for  advanced  students 
in  preflight  as  a reference. 

Jones,  Mack  M.,  Introductory  Shopwork.  New  York,  McGraw-Hill  Book  Company, 
Inc.,  1943. 

A very  handy  book  for  high  school  students  taking  a course  in  industrial  arts. 

Jordanolt.  A.,  Through  the  Overcast.  New  York,  Funk  8c  Wagnalls  Company,  1938. 
An  interestingly  written  book  for  those  students  interested  in  flying.  Useful  as 
reference  book  for  preflight  students. 

Jordanoff,  A.,  lour  fl  ings.  New  York.  Funk  & Wagnalls  Company,  1942. 

This  book  is  very  readable,  easy  to  tinderstand  and  contains  many  simple  illustra- 
tions. .An  e.xcellent  reference  book  for  courses  in  preflight. 

Kuns,  R.  F.,  Automotive  Essentials.  Milwaukee,  The  Bruce  Publishing  Company,  1941. 

This  book  contains  everything  about  the  electrical  system  of  an  automobile.  It  is 
rather  technical  in  some  respects  and  is  intended  for  automotive  mechanics. 

Runs,  R.  F.,  Automotive  Sendee,  J'ol.  /.,  Unit  3.  New  York,  The  Bruce  Publishing 
Company,  1938. 

This  booklet  deals  with  transmissions,  clutches,  tiniversals,  and  front-wheel  drive— 
a good  reference  book  for  a mechanic  or  for  a high  school  student  studying  a 
unit  on  mechanics  in  physics,  industrial  arts,  etc. 

Runs.  R.  F.,  Automotive  Sendee,  lot.  I.,  Unit  4.  New  York,  The  Bruce  Publishing 
Company,  1938. 

I his  booklet  deals  with  rear  systems  and  brakes.  A good  reference  book  for  a 
mechanic  or  for  a high  school  student  studying  a unit  on  mechanics  in  physics, 
industrial  arts,  etc. 

Lawson,  T.  \\\,  Thirty  Seconds  Over  Tokyo.  Garden  City,  Blue  Ribbon  Books,  Inc., 
1943. 

.An  exciting  cye-wiiness  report  of  the  first  bombing  of  Tokyo.  .A  good  story  for 
adventurous  high  school  students. 

Luhr,  O.,  Physics  Tells  If'h)'.  Lancaster,  Jaques  Cattell  Press,  1943. 

Ihis  book  is  interestingly  written.  It  explains  in  a simple  fashion  many  of  the 
phenomena  puzzling  to  the  man  in  the  street  and  housewife  in  the  kitchen.  It 
also  has  much  value  to  high  school  instructors  and  students. 

Lynde,  C.  J..  Science,  Experience  with  Inexpensive  Equipment.  Scranton,  Interna- 
tional Textbook  Company,  1939. 

This  book  is  a good  aid  to  science  teachers. 

Lyon,  T.  C.,  Practical  Air  Navigation.  Washington,  U.  S.  Government  Printing  Office, 
1940. 

This  book  is  designed  for  use  as  a text  on  air  navigation  in  the  controlled  ground 
course  of  the  Civilian  Pilot  Training  Program.  It  is  beyond  the  high  school  level. 

McCarthy,  C.  A.,  A Matter  of  Time.  New  York,  Harper  and  Brothers,  194/. 

This  book  is  a history  of  the  ways  and  means  of  telling  time.  It  gives  the  story 
of  the  watch,  how  it  is  made  and  what  makes  it  work. 
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McDougal,  W.  L.,  Direct  Current.  Chicago,  American  School  of  Correspondence, 
1947. 

This  book  is  good  for  advanced  students  especially  interested  in  electricity.  It  is 
good  as  a reference  book  for  physics  students. 

McDougal,  4V.  L.,  Fundamentals  of  Electricity  for  Those  Preparing  for  War  Service. 
Chicago,  American  Technical  Society,  1943. 

A good  complete  text  on  electricity.  Excellent  for  high  school  study  of  elec- 
tricity. Excellent  for  glossary  of  electrical  terms. 

McPherson,  SV.,  and  others.  Laboratory  Units  in  Chemistry . Boston,  Ginn  and  Com- 
pany, 1942. 

This  is  a laboratory  manual  to  be  used  with  the  author’s  book  Chemistry  at 
Work. 

Mallory,  V.  S.,  Mathematics  for  Eveiyday  Affairs.  Chicago,  Benjamin  H.  Sanborn  &: 
Co.,  1940. 

This  book  is  made  up  of  problems  we  meet  in  everyday  life. 

Miller,  D.  D.,  Popular  Mathematics.  New'  York,  Coward-McCann,  Inc.,  1942. 

This  book  is  written  primarily  to  interest  students  in  the  wdde  field  of  mathe- 
matics. It  might  profitably  be  used  in  senior  high  schools  by  academically 
minded  students. 

Millikan,  R.  .k..  Elements  of  Electricity.  Chicago,  American  School  of  Correspond- 
ence, 1907. 

An  elementary  study  of  electricity  and  magnetism  correspondence  course.  It  has 
many  illustrations. 

Millikan,  R.  A.,  and  Bishop,  E.  S.,  Elements  of  Electricity.  Chicago,  .American  Tech- 
nical Society,  1917. 

First  course  in  electricity  for  students  who  plan  to  make  detailed  study  of  elec- 
tricity. Rather  complex  for  high  school  students. 

Molloy,  E.,  Practical  Design  of  Small  Motors  and  Transformers.  New  York,  Chemical 
PublishiRg  Company,  Inc.,  1940. 

A complete  study  of  small  electrical  motors.  Good  for  students  of  electricity 
in  physics  courses. 

Moulton,  F.  D.,  and  Schiffers,  J.  J.,  The  Autobiography  of  Science.  New  York, 
Doubleday  & Company,  Inc.,  1945. 

This  book  is  an  anthology  of  the  key  passages  from  the  master  w’orks  of  all 
sciences  from  very  early  times  up  until  the  present.  It  is  arranged  in  chrono- 
logical sequence  by  periods.  It  would  be  of  value  to  high  school  students  as  a 
reference  book  for  special  assignments. 

Nadon,  J.  M.,  and  Gelmine,  B.  J.,  Industrial  Electricity.  New  York,  D.  Van  Nostrand 
Company,  Inc.,  1939. 

This  book  is  primarily  designed  for  industrial,  vocational,  and  technical  schools. 
It  is  rather  elementary  but  covers  the  field  thoroughly. 

Naidich,  J.,  Air  Navigation  Made  Easy.  New  York,  McGraw-Hill  Book  Company, 
Inc.,  1944, 

This  book  is  written  for  the  average  person  who  desires  to  become  his  ow'n  pilot. 
It  requires  no  technical  background  and  is  rather  easily  understood. 

Nyberg,  J.  A.,  Fundamentals  of  Algebra,  Book  I.  New  York,  .American  Book  Com- 
pany, 1944. 

simple  well-written  algebra  text  used  in  many  high  schools. 

Obourn,  E.  S.,  and  Montgomery,  G.  C.,  Fundamentals  of  Machines.  St.  Louis,  AVeb- 
ster  Publishing  Company,  1943. 

Useful  as  a reference  book  for  physics  students. 
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Parker,  B.  M.,  Our  Ocean  of  Air.  New  York,  Row,  Peterson  Sc  Company,  1941. 

This  pamphlet  gives  a good  but  simple  explanation  of  the  atmosphere  and  its 
constituents.  Wind,  air  pressure,  liquids,  air  and  some  simple  classroom  experi- 
ments pertaining  to  the  atmosphere  are  also  discussed.  This  booklet  is  on  a 
junior  high  school  level. 

Perry,  George  S.,  The  Common  Trees  and  Shrubs  of  Pennsylvania.  Harrisburg,  De- 
partment of  Forests  and  Waters,  1932. 

This  booklet  contains  a key  and  the  scientific  names  of  the  common  trees  and 
shrubs  of  Pennsylvania  both  native  and  introduced.  A good  booklet  for  that 
part  of  high  school  biology  that  deals  with  plant  identification.  Probably  of  more 
value  to  the  teacher  than  to  the  student. 

Pieper,  C.  J.,  and  Beauchamp,  W.  L.,  Everyday  Problems  in  Science.  New  York, 
Scott,  Foresman  and  Company,  1936. 

This  book  breaks  the  environment  up  into  seventeen  units  and  treats  each  sepa- 
rately, first  generally  and  then  in  detail.  For  ninth  and  tenth  grade  students. 

Pieper,  C.  J.,  and  others.  Everyday  Problems  in  Biology.  Chicago,  Scott,  Foresman 
and  Company,  1936. 

This  is  a good  book  for  ninth  and  tenth  grade  biology.  It  contains  many 
picttires  and  illustrations,  and  the  language  is  not  too  difficult. 

Pope,  F.,  and  Otis,  A.  S.,  Elements  of  Aeronautics.  New  York,  IVorld  Book  Com- 
pany, 1941. 

This  book  is  written  in  language  that  any  high  school  pupil  can  understand.  A 
knowledge  of  mathematics  is  not  necessary. 

Radio  Corporation  of  America,  R.  C.  A.  Receiving  Tube  Manual.  Camden,  Radio 
Corporation  of  America,  1947. 

This  manual  has  been  prepared  to  assist  those  who  work  or  experiment  with 
electronic  tubes  and  circuits.  It  contains  information  on  all  types  of  radio  tubes. 
Absolute  necessity  in  the  study  of  radio  and  construction. 

Raehl,  L.  M.,  Eitting  Farm  Tools.  Milwaukee,  The  Bruce  Publishing  Company,  1940. 

This  book  tells  how  to  repair  broken  or  worn  tools  used  around  the  farm,  and 
would  be  useful  as  a reference  book  for  high  school  students  studying  agriculture. 

Ray,  E.  L.,  and  Washburn,  S.,  Are  You  Fit  to  Be  a Pilot?  Chicago,  Wilcox  and  Fol- 
lott  Co.,  1941. 

Flight  physical  test  to  determine  if  students  are  physically  fit  to  become  pilots. 
Includes  all  types  of  tests  that  can  be  done  in  classroom.  Excellent  for  high 
school  preflight  classes. 

Renner,  G.  T.,  Human  Geography  in  the  Air  Age.  New  York,  The  Macmillan  Com- 
pany, 1942. 

This  book  is  very  readable,  probably  for  senior  students  in  high  school  or  col- 
lege students.  It  is  intended  primarily  for  air-minded  people. 

Rider,  P.  R.,  Navigational  Trigonometry.  New  York,  The  Macmillan  Company,  1943. 

This  is  a book  of  trigonometry  for  those  who  wish  to  become  pilots.  It  is 
rather  difficult  for  high  school  students.  > 

* 

Ritchie,  J.  W.,  Biology  and  Human  Affairs.  New  York,  World  Book  Company,  1941. 

•A.  good  book  for  students  who  are  really  interested  in  biology.  Rather  technical 
and  not  too  practical  for  average  students. 

•Shapely,  H.,  and  others,  A Treasury  of  Science.  New  York,  Harper  and  Brothers, 
1946. 

A very  interesting  and  readable  science  book.  .Answers  many  questions  concern- 
ing all  phases  of  science. 
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Sharpe,  C.  F.  S.,  What  is  Soil  Erosion?  Washington,  U.  S.  Department  of  Agriculture, 
1938. 

A good  booklet  written  in  an  easy-to-understand  language.  Useful  for  any 
course  in  high  school  when  studying  a unit  on  soils. 

Slosson,  E.  E.,  Creative  Chemistry.  New  York,  Appleton-Century-Crofts,  Inc.,  1941. 

This  is  a book  on  chemistry  written  especially  for  the  layman.  It  is  not  intended 
to  be  used  as  a textbook. 

Slosson,  P.  W.,  After  the  War,  What?  New  York,  Houghton  Mifflin  Company,  1943. 
A good  booklet  for  classes  in  social  studies;  also  a good  booklet  for  science  classes 
in  relation  to  the  social  phases  of  science. 

Smith,  D.  E.,  Essentials  of  Plane  Geometry.  Boston,  Ginn  and  Company,  1923. 

Plane  geometry  carefully  constructed  from  simple  to  comple.x. 

Speas,  R.  D.,  Airplane  Performance  and  Operation.  New  York,  McGraw-Hill  Book 
Company,  Inc.,  1943. 

The  purpose  of  this  manual  is  to  instruct  flight  crews  in  the  various  technical 
factors  affecting  airplane  performance  and  operation.  It  would  probably  be 
useful  in  preflight  courses  in  high  school. 

Stewart,  J.  Q.,  and  Pierce,  N.  L.,  Marine  and  Air  Navigation.  New  York,  Ginn  and 
Company,  1944. 

For  advanced  students  in  aeronautics.  Too  technical  for  most  high  school 
students. 

Stokley,  James,  Electrons  in  Action.  New  York,  McGraw-Hill  Book  Company,  Inc., 

1946. 

Clearly  written,  nontechnical,  the  book  is  packed  with  practical  and  realistic 
theories  of  what  electronics  may  do  for  all  of  us  tomorrow.  .An  excellent  refer- 
ence book  for  high  school  science  classes. 

Stuart,  J.  R.,  Wiring,  Circuits  for  Lighting  Power  and  Industrial  Control.  New  York, 
Chemical  Publishing  Company,  1941. 

This  book  is  much  too  difficult  for  the  average  high  school  student.  It  contains 
many  wiring  diagrams  and  explanations  of  electrical  circuits  which  might  be 
of  use  to  physics  students  working  on  special  projects. 

Tarr,  Ralph  Stockman,  College  Physiography.  New  York,  The  Macmillan  Company, 

1947. 

As  the  title  indicates,  this  book  is  on  college  level,  but  it  is  of  value  as  a reference 
book  in  high  school,  for  teachers  and  students,  when  studying  the  atmosphere 
or  specific  earth  problems  encountered  in  a general  science  course. 

Thomas  .Alva  Edison  Foundation.  Inc..  The  Incaridescent  Light.  AVest  Orange, 
New  Jersey,  Thomas  Alva  Edison  Foundation,  Inc.,  1949. 

A very  good  explanation  of  the  incandescent  light  from  its  infancy  to  the  light 
we  use  today.  High  school  students  in  science  will  find  this  book  interesting  and 
not  too  difficult.  The  book  also  includes  information  on  the  life  of  Edison  and 
some  of  his  other  scientific  accomplishments. 

Fimbie,  AV.  H.,  Elements  of  Electricity.  New  A'ork,  John  AVflley  & Sons,  Inc.,  1937. 

This  book  on  electricity  is  designed  primarily  for  a course  in  college  physics.  It 
can  be  easily  understood  by  advanced  high  school  physics  students. 

Tucker,  D.  J.,  Introduction  to  Practical  Radio.  New  York,  The  Macmillan  Company, 
1945. 

-A  very  good  reference  book  for  information  about  radio.  It  would  be  of  special 
interest  to  physics  students  working  on  radio  projects. 
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U.  S.  Department  of  Agriculture,  Climate  ami  Man.  Washington,  U.  S.  Government 
Printing  Office,  1941. 

A large  part  of  the  volume  is  devoted  to  detailed  discussion  of  the  relation  of 
climate  and  weather  to  crops.  Many  tables  and  maps  dealing  with  weather  all 
over  the  Ihiited  States  are  included.  A good  reference  book  for  agriculture 
students. 

U.  S.  Dept,  of  Agriculture,  Yearbook  of  Agriculture.  Washington,  U.  S.  Government 
Printing  Office,  1936. 

This  book  deals  with  creative  development  of  new  forms  of  life  through  plant 
and  animal  breeding.  It  would  be  of  value  to  students  studying  agriculture. 

U.  S.  Naval  Institute,  Navigation  and  Nautical  Astronomy.  Annapolis,  U.  S.  Naval 
Institute,  1942. 

This  book  is  intended  for  advanced  students  in  aeronautics.  It  might  be  useful 
as  reference  to  students  of  preflight. 

Verwiebe,  F.  L.,  Elements  of  Machines.  New  York,  D.  Van  Nostrand  Company, 
Inc.,  1943. 

This  book  intended  for  a training  course  for  soldiers  is  useful  for  high  school 
students  as  a reference  book.  Also  as  a reference  book  for  teachers  of  high  school 
science. 

Wagener,  Arthur,  The  Machinists’  and  Draftsmen’s  Handbook.  New  York,  D.  Van 
Nostrand  Company,  Inc.,  1945. 

Useful  handbook  for  students  of  drafting  and  industrial  arts.  Much  useful  data 
is  in  tables. 

Wellman,  W.  R.,  Elementary  Radio  Servicine.  New  York,  D.  Van  Nostrand  Company, 
Inc.,  1947. 

This  book  is  for  those  who  have  already  become  interested  in  the  principles  of 
radio  receiver  construction. 

Westinghouse  Educational  Foundation,  A Challenge  to  the  World.  New  York, 
McGraw-Hill  Book  Company,  Inc.,  1946. 

This  book  contains  about  a dozen  articles  written  by  some  of  the  outstanding 
engineers  of  the  Westinghouse  Corporation. 

Westinghouse  Educational  Eoundation,  Transportation,  a Measurement  of  Civiliza- 
tion. Life,  Light,  and  Man.  New  York,  McGraw-Hill  Book  Company,  Inc.,  1946. 
This  book  contains  a summary  of  some  of  the  knowledge  gained  at  the  George 
Westinghouse  Centennial  Forum. 

Whitbeck,  R.  N.,  Economic  Geography  of  South  America.  New  York,  McGraw-Hill 
Book  Company,  Inc.,  1926. 

A helpful  reference  book  for  high  school  science  courses  when  studying  foods, 
textiles,  rubber,  etc.  The  book  is  on  a college  level. 

White,  M.  W.,  Experimental  College  Physics.  New  York,  McGraw-Hill  Book  Com- 
pany, Inc.,  1932. 

This  would  be  difficult  for  those  who  have  not  had  high  school  physics.  It  could 
be  used  as  a reference. 

White,  M.  W.,  and  others.  Practical  Physics.  New  York,  McGraw-Hill  Book  Company, 
Inc.,  1943. 

In  this  book  emphasis  is  placed  on  the  parts  of  physics  that  are  basic  to  prac- 
tical use  in  engineering  and  technical  work.  The  book  is  concise,  at  an  intro- 
ductory level,  and  therefore  not  too  difficult  for  high  school  physics  students. 

Wolfe,  J.  H.,  Simplified  Industrial  Mathematics.  New  York,  McGraw-Hill  Book 
Company,  Inc.,  1942. 

The  purpose  of  this  book  is  to  familiarize  the  new  student  with  the  essentials 
of  elementary  industrial  mathematics.  Helpful  for  advanced  high  school  mathe- 
matics students. 
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Free  Publications 

Commonwealth  of  Pennsylvania 
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Bulletin  No.  5,  November,  1949,  List  of  State  Puhlivations,  contains  lists  of 
many  reports,  maps,  bulletins,  laws,  pamphlets,  etc.,  wbicb  are  available  for 
free  distribution.  Tbe  various  departments  and  commissions  of  our  State 
Government  have  collaborated  in  this  publication.  Write  to:  Bureau  of  Pub- 
lications, Department  of  Properties  and  Supplies,  Harrisburg,  for  a copy. 

Audio-Visual  Aids 

AUDIO-VISUAL  AIDS  AVAILABLE  THROUGH  THE  DEPARTMENT  OF  PUBLIC  INSTRUCTION 

Bulletin  208,  Audio-Visual  Aids  Catalog,  lists  institutions  from  which  films  may 
be  borrowed  and  subjects  of  films  and  slides.  This  catalog  is  available  in  public 
school  libraries  and  State  teachers  colleges. 

Bulletin  517,  Science  Slides— SViite  to  State  Library  and  Mtiseum,  Lantern  Slide 
Section,  Harrisburg,  Pa.,  for  a copy  of  this  bulletin.  Here  may  be  found  an  exten- 
sive source  of  free  material. 

OTHER  AUDIO-VISUAL  AIDS 

In  the  material  which  follows  there  appears  a partial  list  of  16mm  motion  picture 
films,  sound  and  silent,  and  filmstrips.  Fifty  science  teachers,  widely  distributed 
throughout  the  State,  have  found  them  successful  in  teaching  the  various  sciences. 
Approval  by  five  or  more  of  this  jury  has  resulted  in  inclusion  in  this  list.  Other 
visual  aids  are  of  excellent  merit.  These  teaching  aids  and  their  use  should  be  a 
matter  of  continuous  investigation  by  science  teachers. 

Space  will  not  permit  the  publication  of  all  films  available.  However,  catalogs  and 
circulars  may  be  obtained  by  writing  to  the  sources  listed  in  this  book. 

The  following  is  a key  to  the  abbreviations  used  as  headings  of  the  columns  of  dam. 


sources 

appear  on  page  350. 

B 

Buv 

Sd  . 

Sound 

R 

Rent 

GS 

General  Science 

F 

Free 

Bi  

Biology 

Fs  . 

Filmstrip 

P 

Physics 

Si 

Silent 

C 

Chemistry 

Sources.  Titles  and  Sub[ects 


Title  Source 

Fs  Si  SD  GS  Bi  P C Xo. 


How 
Obtained 
B R F 


— — 

X 

Storv  of  Tuna 

— 

— 

X 

X - 

— 

— 

32 

— _ 

X 

How  a Watch  Works 

X 

— 

32 

1 — — 

X 

The  Eternal  Gem— Diamond  

— 

— 

X 

— — 

— 

X 

32 

— — 

X 

.America’s  Favorites  

— 

— 

X 

X - 

— 

— 

32 

- — 

X 

Romance  of  Industry  

X 

32 

X - 

— 

Electrolysis  

X 

X 

33 

X - 

— 

Ionization  

X 

X 

33 

X - 

— 

The  Electron  Theory 

X 

X 

33 

X - 

— 

Metallurgy 

X 

X 

33 

X - 

— 

Nomenclature  

X 

X 

33 

15  - 

— 

Producing  Crude  Oil  

— 

X 

— 

— — 

— 

X 

4 

X - 

— 

Refining  Crude  Oil 

— 

X 

— 

— — 

— 

X 

4 

X - 

— 

Refrigeration  

X 

— 

_ _ 

— 

X 

4 

X - 

— 

Rubber 

— 

X 

— 

_ _ 

— 

X 

4 

X - 

— 

Silk  

— 

X 

— 

_ — 

_ 

X 

4 

X - 

— 

Cotton  

— 

X 

— 

— 

X 

4 
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How 

Obtained  Title 

B R F 


X - 
X - 


X - 
X - 
X - 


X - 


X - 
X - 
X - 
X - 
X - 
X - 


X - 
X - 
X - 
X - 
X - 
X - 
X - 
X - 
X - 


— Woolen  Goods  

— Electrons,  an  Introduction 

X Clean  Waters  

X Prospecting  for  Oil  

— Velocity  of  Chemical  Reactions 

— Nitrogen  Cycle  

— Soap  

X Harnessing  the  Rainbow  

X Plant  Food  from  Coal  

X Curiosity  Shop  

— Copper  Refining  and  Smelting  . 

X Heritage  of  Glass  

X Science  Spins  a Yarn  

— Story  of  Electricity  

— What  is  Color?  

— Simple  Machines  

— Behavior  of  Light  

— Compressed  Air  

— The  Electron  

X Elementary  Electricity  

— Four-Cycle  Gas  Engine  

— Fuel  and  Fleat  

— Heat  and  Light  from  Electricity 

— Hot  Air  Heating  

— Illumination  

— Lenses  

— Induced  Currents  

— Magnetic  Effects  of  Electricity  . 

— Principles  of  Flight  

X Heart  and  Circulation  

X Mechanism  of  Breathing  

X The  Nervous  System  

X Immunization  

X Control  of  Body  Temperature  . 

X How  Teeth  Grow  

X Foods  and  Nutrition  

X Health  and  the  Cycle  of  Water 

X Care  of  the  Feet  

X Endocrine  Glands  

X Heart  Disease  

X Quality  Milk  Production  

X Alimentary  Tract  

X Heredity  

X Green  Harvest  

X Crystal  of  Energy  

X Unfinished  Rainbows  

X Trees  to  Tribunes  

X Curves  of  Color  

X Sand  and  Flame  

X Eternal  Flame 

X Curiosity  Shop  , . . . . 

X Magnesium— Metal  from  the  Sea 

X Story  of  Gasoline  

X Clean  Waters  

X Excursions  in  Science  No.  4 . . . . 


Fs 

Si 

SD 

GS 

Bi 

p 

c 

X 

— 

- 

— 

- 

X 



X 







X 

. — 

X 

— 

— 

— 

X 

— 

— 

X 

— 

— 

X 

— 

X 

— 

— 

— 

— 

X 

— 

— 

X 

— 

— 

X 

— 

X 

— 

— 

— 

X 

— 

_ 

X 

— 

— 

— 

X 

__ 

— 

X 

_ 

— 

— 

X 

— 

X 

_ 

— 

— 

X 

— 

— 

X 

— 

— 

X 

— 

— 

X 

— 

— 

X 

— 

__ 

X 

— 

X 

— 

— 

— 

X 

— 

_ 

X 

— 

— 

X 

— 

_ 

— 

X 

— 

. — 

X 

— 

— 

— 

X 

— 

— 

X 

— 

— 

— 

X 

__ 

. — 

_ 

X 

— 

— 

X 

— 

— 

— 

X 

— 

X 

— 

— 

X 

— 

— 

— 

X 

— 

— 

— 

X 

— 

— 

X 

— 

— 

X 

— 

— 

— 

X 

— 

— 

X 

— 

— 

— 

X 

_ 

— 

X 

— 

— 

— 

X 

— 

— 

X 

— 

_ 

— 

X 

— 

X 

_ 

— 

— 

X 

— 

X 

— 

— 

— 

X 

— 

— 

X 

— 

— 

— 

X 

— 

X 

— • 

X 

— 

— 
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X 
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— 
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— 
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— 
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— 

— 
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X 

— 

X 

— 

__ 

— 
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X 
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X 
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— 
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— 

— 

X 
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X 

— 
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— 

X 

— 

_ 

X 

X 

X 

_ 

— 

. — 

— 

X 

X 

— 

— 

— 
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Nc 
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How 

Obtained 

Title 

Source 

B R F 

Fs  Si  Sn  GS  Bi  P C No. 

— 

— 

X 

Excursions  in  Science  No.  9 

— 

— 

X 

X 

— 

— 

— 

3 

— 

— 

X 

Excursions  in  Science  No.  1 

— 

X 

X 

— 

— 

— 

3 

— 

— 

X 

Ever  Since  Eden  

_ 

— 

X 

X 

— 

_ 

2 

— 

— 

X 

Story  of  the  Storage  Battery 

— 

— 

X 

— 

— 

X 

— 

23 

— 

— 

X 

Precisely  So  

— 

— 

X 

X 

— 

— 

— 

1 1 

— 

— 

X 

Volcanoes  in  Action  

— 

— 

X 

X 

__ 

— 

_ 

9 

— 

— 

X 

^V'^ork  of  the  Atmosphere  

— 

_ 

X 

X 

— 

— 

— 

9 

— 

— 

X 

Ground  Water  

— 

— 

X 

X 

— 

— 

— 

9 

X 

— 

— 

The  Respiratory  System  

X 

_ 

— 

X 

X 

— 

— 

18 

X 

— 

— 

The  Glandular  System  

X 

— 

— 

X 

X 

— 

18 

X 

— 

— 

The  Digestive  System  

X 

— 

— 

X 

X 

— 

— 

18 

X 

— 

— 

The  Circulatory  System  

X 

— 

— 

X 

X 

— 

_ 

18 

X 

— 

— 

The  Nervous  System  

X 

— 

— 

X 

X 

— 

— 

18 

— 

— 

X 

Jet  Propulsion  

— 

X 

— 

— 

— 

X 

_ 

3 

— 

— 

X 

Harnessing  Liquids  

— 

X 

— 

X 

— 

— 

— 

3 

— 

— 

X 

Magic  of  Fluorescence 

— 

X 

— 

X 

— 

— 

— 

3 

— 

— 

X 

Curves  of  Color  

— 

X 

— 

— 

— 

X 

— 

3 

— 

— 

X 

Birth  of  an  Oil  Field  

— 

X 

— 

— 

— 

— 

X 

3 

— 

_ 

X 

Metal  Magic  

— 

X 

— 

— 

~ 

— 

X 

3 

— 

— 

X 

Gyro  Compass  

— 

X 

— 

— 

X 

— 

3 

— 

— 

X 

Radio  Frequency  Heating  

~ 

X 

— 

— 

— 

X 

— 

3 

— 

— 

X 

Singing  Wires  

....  — 

X 

X 

_ 

— 

— 

3 

— 

— 

X 

Magic  in  the  Air  

_ 

X 

— 

~ 

— 

X 

— 

11 

— 

— 

X 

Basic  Principles  of  Lubrication 

X 

— 

— 

— 

X 

— 

11 

— 

— 

X 

-ABC  of  Automobile  Engines  

— 

X 

— 

— 

— 

X 

— 

11 

— 

— 

X 

ABC  of  Internal  Combustion 

— 

X 

— 

— 

— 

X 

— 

11 

— 

— 

X 

Heat  and  Its  Control  

— 

X 

— 

— 



X 



23 

— 

— 

X 

Frontiers  of  the  Future  



X 









X 

11 

- 

— 

X 

The  Story  of  Copper  

— 

X 

_ 

— 

— 

— 

X 

23 

— 

— 

X 

This  Is  Aluminum  



X 









X 

23 

— 

— 

X 

The  Drama  of  Steel  

X 









X 

23 

- 

— 

X 

Lever  Age  



X 

X 









12 

— 

— 

X 

Life  Blood  of  Land  



X 

X 









27 

- 

— 

X 

Principles  of  Electricity  .... 

— 

X 

X 

— 

— 

— 

— 

3 

— 

— 

X 

Clouds  

X 

X 









34 

— 

— 

X 

Lubrication  



X 







X 



23 

— 

— 

X 

Ouiet,  Please! 



X 







X 



2() 

— 

— 

X 

.Application  of  Pascal’s  Law 

— 

X 

— 

— 



X 



31 

X 

— 

— 

How  Nature  Protects  Animals 





X 



X 





4 

— 

— 

X 

Realm  of  the  Wild  .... 





X 



X 





1 

- 

— 

X 

Timber  Is  a Crop  



— 

X 



X 





1 

X 

— 

— 

Living  Jewels  

' 

X 

— 

— 

X 





21 

X 

— 

— 

LIndersea  Life  



X 

__ 



X 





21 

— 

— 

X 

Precious  Ingredient 





X 



X 





13 

X 

— 

— 

Three  Brains  . 



X 



X 





8 

X 

— 

— 

Ships  of  the  Desert 

X 





X 

_ 



4 

X 

— 

— 

Cat  Tribe,  Racoons  

X 

_ 



X 





4 

X 

— 

— 

Bacteria  



X 

_ 



X 



_ 

4 

X 

— 

— 

Beavers  

X 





X 





4 

X 

— 

— 

Seals  and  Walrus  . 

X 





X 



4 

X 

— 

— 

Roads  and  Erosion  . 



X 



X 



_ 

1 

X 

— 

— 

Leaves  



X 



X 





4 

X 

— 

— 

Green  Plants 



X 





X 



_ 

4 

X 

— 

— 

Wild  Flowers  . . 

X 





X 

_ 

_ 

4 

X 

— 

— 

Fungus  Plants 

X 

— 

— 

X 

— 

— 

4 
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How 

Obtained 


Title 


Source 


B 

R 

F 

Fs 

Si  SD 

GS 

Bi 

P c 

No. 

X 

Luther  Burbank  

X - 

X 

4 

X 

— 

— 

Flower  to  Fruit  

— 

X - 

X 

_ _ 

4 

X 

— 

_ 

The  River  

— 

- X 

— 

X 

_ _ 

1 

X 

— 

— 

Seashore  Animals  

. — 

X - 

_ 

X 

_ _ 

4 

_ 

X 

— 

Wild  Life  in  Pennsylvania 

— 

- X 

— 

X 

— — 

22 





X 

For  Years  to  Come  

— 

- X 

— 

X 

1 





X 

Forests  Forever  

— 

- X 

— 

X 

1 

X 

— 

— 

Birds  of  Prey  

— 

X - 

X 

_ _ 

4 

X 

— 

— 

Some  Friendly  Birds  

— 

X - 

— 

X 

— — 

4 

X 

— 

— 

Oyster  

— 

X - 

— 

X 

— — 

4 

X 

— 

— 

Flowers  at  Work  

— 

X - 

— 

X 

— — 

4 

X 

— 

— 

Muddy  IVaters  

— 

- X 

— 

X 

— — 

1 

X 

— 

Terracing  in  the  North  F,ast  

— 

- X 

— 

X 

1 

— 

— 

X 

Report  on  DDT  

. — 

- X 

__ 

X 

4 

X 

— 

— 

Frogs,  Toads  and  Salamanders  

X - 

— 

X 

— — 

4 

X 

— 

— 

Roots  of  Plants  

— 

- X 

— 

X 

_ _ 

4 

X 

— 

— 

Flow  the  Ear  Functions  

— 

- X 

X 

4 

X 

— 

Flow  the  Eye  Functions  

— 

- X 

— 

X 

_ _ 

4 

X 

— 

— 

Life  Cvcle  of  the  Mosquito 

— 

- X 

— 

X 

— — 

25 

X 

— 

— 

Light  Waves  

— 

- X 

X 

— 

— — 

4 

X 

— 

— 

Carbon  Oxygen  Cycle  

— 

X - 

X 

— 

— — 

4 

X 

— 

— 

Water  Cycle  

— 

X - 

X 

— 

— — 

4 

— 

— 

X 

It's  No  Picnic  

— 

- X 

X 

— 

_ _ 

1 

X 

— 

— 

Iron  Ore  to  Pig  Iron  

— 

X - 

X 

— 

_ _ 

4 

X 

— 

— 

Pig  Iron  to  Steel  

— 

X - 

X 

— 

_ _ 

4 

X 

— 

— 

Simple  Machines  

X - 

X 

— 

_ _ 

4 

X 

— 

— 

Magnetic  Effects  of  Electricity  

— 

X - 

X 

— 

4 

— 

X 

— 

Chemistry  of  Fire  

— 

- X 

X 

15 

— 

— 

X 

The  Balanced  Way  

— 

- X 

X 

— 

_ _ 

8 

X 

— 

— 

Water  

— 

- X 

X 

_ 

— — 

15 

X 

— 

— 

Clouds  and  Weather  

— 

X - 

X 

_ 

_ _ 

8 

X 

— 

— 

Weather  Forecasting  

— 

X - 

X 

— 

— — 

4 

— 

— 

X 

Frontiers  of  the  Future  

— 

- X 

X 

— 

_ _ 

12 

— 

— 

X 

Scientists  for  Tomorrow  

— 

- X 

X 

— ™ 

12 

— 

— 

X 

Sulfur  

— 

- X 

X 

_ 

23 

X 

— 

— 

Sulfur  and  Its  Compounds 

— 

- X 

X 

— 

— — 

24 

— 

X 

— 

Prosj^ecting  for  WMter 

— 

- X 

X 

— 

— — 

10 

X 

— 

— 

Limestone  and  Marble 

— 

X - 

X 

— 

— — 

4 

X 

__ 

— 

Halogens  

— 

- X 

— 

— 

- X 

7 

X 

— 

_ 

Colloids  

— 

- X 

— 

— 

- X 

4 

X 

— 

— 

Properties  of  Water  

— 

- X 

— 

— 

- X 

7 

— 

— 

X 

Bouncing  Molecules  

— 

- X 

— 

— 

- X 

14 

X 

— 

— 

Oxvgen  

— 

- X 

~ 

— 

- X 

7 

— 

— 

X 

Crystal  Gazers  

— 

- X 

— 

_ 

- X 

3 

X 

— 

— 

Chemical  Reactions  

— 

- X 

— 

— 

- X 

5 

X 

— 

— 

Our  Common  Fuels  

_ 

- X 

— 

— 

- X 

7 

X 

— 

— 

Tin  

— 

X - 

_ 

_ 

- X 

4 

X 

— 

Beet  and  Cane  Sugar 

_ 

X - 

— 

— 

- X 

4 

X 

— 

— 

Chemical  Effects  of  Electricity 

. . . 

X - 

— 

— 

- X 

4 

— 

— 

X 

Chemistry  of  Fire 

— 

- X 

— 

- X 

20 

X 

— 

_ 

Common  Salt  

— 

X - 

_ 

— 

- X 

4 

X 

— 

— 

Ftiel  and  Heat  

— 

- X 

— 

— 

- X 

4 

X 

— 

— 

Gold  

— 

X - 

— 

— 

- X 

4 

X 

— 

— 

Oxidation  and  Reduction  

— 

- X 

— 

_ 

- X 

4 ; 

X 

— 

— 

Refrigeration  

— 

X - 

— 

— 

X - 

4 
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How 

Obtained  Title  Source 


B 

R 

F 

Fs 

Si 

SD 

GS 

Bi 

p 

c 

No. 

X 

Steam  Power 

X 

_ 

_ 

_ 

X 



4 

X 

_ 

— 

Measurements  and  Measnrina;  Series  I 

X 

— 

— 

— 

— 

X 

— 

L5 

X 

— 

— 

Measurements  and  Measuring  Series  II  

X 

— 

— 

— 

— 

X 

— 

15 

X 

— 

_ 

Electrons  

X 

— 

— 

— 

X 

— 

16 

X 

— 

— 

Mechanics  I 

X 

— 

— 

— 

X 

— 

16 

X 

— 

— 

Mechanics  II  

X 

— 

_ 

— 

— 

X 

— 

16 

X 

— 

_ 

Pilots  Man  Your  Planes  

X 

— 

— 

— 

X 

— 

15 

— 

— 

X 

Research  Engineer  Aircraft  Division  

X 

— 

— 

— 

— 

X 

— 

15 

— 

— 

X 

The  Artist  Portrays  the  Oil  Industry  

X 

— 

X 

— 

— 

— 

— 

14 

X 

— 

_ 

Madame  Curie  and  the  Storv  of  Radium 

X 

— 

X 

— 

— 

— 

— 

17 

X 

— 

— 

Atmosphere  

X 

— 

X 

— 

— 

— 

— 

16 

X 

— 

Eire  and  Fuel  

X 

— 

X 

— 

— 

— 

— 

18 

X 

— 

— 

How  Disease  Is  Spread  

X 

— 

X 

— 

— 

— 

— 

18 

X 

— 

— 

Meteorology  and  Navigation  

X 

— 

X 

— 

— 

— 

— 

15 

X 

— 

— 

Seeds  and  Seed  Dispersal  

X 

— 

X 

— 

— 

— 

— 

18 

X 

— 

— 

Splendor  of  the  Sky  and  Birth  of  the  Earth  

X 

— 

X 

— 

— 

— 

— 

16 

X 

— 

— 

Air  

X 

— 

X 

— 

— 

— 

— 

16 

X 

— 

— 

Electricity  

X 

— 

X 

— 

— 

— 

— 

16 

X 

— 

— 

Energy  

X 

— 

X 

— 

_ 

— 

16 

X 

__ 

— 

Fuels  and  Heat  

X 

— 

X 

— 

— 

— 

— 

16 

X 

— 

— 

Inclined  Plane  

X 

— 

X 

— 

— 

— 

— 

16 

X 

— 

— 

Levers  

X 

— 

X 

— 

— 

— 

— 

16 

X 

— 

— 

Light 

X 

— 

X 

— 

— 

— 

— 

16 

X 

— 

— 

Magnetism  

X 

— 

X 

— 

— 

— 

— 

16 

X 

— 

— 

Pulleys  

X 

_ 

X 

— 

— 

— 

16 

X 





Sound 

X 

X 

16 

X 

— 

— 

Water  

X 



X 

— 

— 

— 

— 

16 

X 

— 

— 

Optical  Illusions  

X 

— 

X 

— 

— 

— 

— 

16 

X 

— 

— 

Along  the  Redwood  Trail 

X 

— 

— 

— 

X 

— 

_ 

16 

X 

— 

_ 

Beaks  and  Feet  of  Birds  

X 

— 

_ 

X 

— 

— 

16 

X 

— 

Coloration  of  Birds  

X 

— 

— 

— 

X 

— 

— 

16 

X 

— 

— 

Eccentricities  of  ^Vasps  and  Bees 

X 

— 

— 

— 

X 

— 

— 

16 

X 

— 

— 

From  One-Celled  Life  to  Amphibians 

X 

_ 

— 

— 

X 

— 

— 

16 

X 

— 

— 

Fur  Seal  

X 

— 

— 

— 

X 

— 

— 

16 

X 

— 

— 

How  Disease  Is  Spread  

X 

— 

— 

— 

X 

— 

_ 

16 

X 

— 

— 

Our  Forests  and  AVhat  They  Mean  to  Us 

X 

— 

_ 

— 

X 

— 

16 

X 

— 

— 

Plant  Life  

X 

— 

— 

— 

X 

— 

16 

X 

— 

_ 

Relation  of  Insects  to  Disease 

X 

— 

— 

— 

X 

— 

— 

16 

X 

— 

— 

Seeds  and  Seed  Dispersal  

X 

— 

— 

X 

— 

— 

16 

X 

— 

— 

Some  Insect  Life  Histories  

X 

— 

— 

— 

X 

— 

— 

16 

X 

— 

— 

Spring  ^Vildflowers  of  Open  Fields 

X 

— 

— 

_ 

X 

— 

— 

16 

X 

— 

— 

Summer  Wildflowers 

X 

— 

— 

— 

X 

— 

— 

16 

X 

— 

— 

Animal  Parade  From  Sea  Anemone  to  Man 

X 

— 

— 

— 

X 

— 

— 

16 

X 

_ 

— 

Food  From  the  Sun  

X 

— 

_ 

— 

X 

— 

— 

16 

X 

— 

— 

How  Color  Protects  Animals  

X 

— 

— 

— 

X 

_ 

— 

16 

X 

— 

— 

How  Insects  Get  Their  Food 

X 

— 

— 

— 

X 

— 

— 

16 

X 

— 

— 

How  Insects  Grow  Up 

X 

— 

— 

— 

X 

— 

— 

16 

X 

— 

— 

Some  Desert  Animals  and  How  They  Live  

X 

— 

— 

— 

X 

— 

18 

X 

— 

— 

Some  Frogs,  Toads,  and  Salamanders 

X 

— 

— 

— 

X 

— 

— 

16 

X 

__ 

— 

Some  Lizards,  Snakes,  and  Toads  

X 

— 

— 

— 

X 

— 

— 

16 

X 

— 

— 

The  Life  of  the  Horned  Lark  

X 

— 

— 

— 

X 

— 

— 

16 

X 

— 

— 

Life  of  the  Swallow-tailed  Butterfly  

X 

— 

— 

— 

X 

— 

— 

16 

X 

— 

— 

Chlorine  and  Its  Compounds  

X 

X 

16 

X 

— 

_ 

Flax  and  Linen  

X 

X 

16 

X 

— 

_ 

Iron  

X 

X 

16 
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How 
Obtained 
B R F 

Title 

Fs 

Si 

SD 

GS 

Bi 

p 

Source 
C No. 

X 

Petroleum  

X 

X 

16 

X 

— 

_ 

Steel  

X 

X 

16 

X 

— 

— 

Story  of  Copper  

X 

X 

16 

X 

— 

— 

Atomic  Theory 

X 

X 

16 

X 

— 

— 

Carbon  and  Calcium  

X 

X 

16 

X 

— 

— 

Hydrogen  and  Water  

X 

— 

— 

— 

— 

— 

X 

16 

X 

— 

~ 

Ions  and  Nitrogen  

X 

X 

16 

X 

_ 

— 

Metals  

X 

X 

16 

X 

— 

— 

(>gygen  

X 

X 

16 

— 

— 

X 

Your  Future  in  Trees  

— 

— 

X 

— 

X 

— 

— 

29 

— 

— 

X 

Alaska’s  Silver  Millions  

— 

— 

X 

— 

X 

— 

— 

30 

— 

— 

X 

Industry  for  Health  

— 

— 

X 

— 

X 

— 

— 

2 

X 

— 

— 

The  Structure  of  Matter  

X 

— 

— 

— 

— 

X 

— 

15 

X 

— 

— 

Effects  of  Molecular  Motion  

X 

__ 

— 

— 

— 

X 

— 

15 

X 

— 

— 

Molecular  Forces  in  Matter  

X 

— 

— 

X 

— 

15 

X 

— 

— 

Molecular  Forces  in  Liquids  

X 

__ 

— 

— 

— 

X 

15 

X 

— 

— 

Bernoulli’s  Principle  

X 

— 

— 

— 

— 

X 

— 

15 

X 

— 

— 

Uniform  Motion  

X 

— 

— 

— 

— 

X 

— 

15 

X 

— 

— 

Centrifugal  Force  

X 

— 

— 

— 

— 

X 

— 

15 

X 

— 

_ 

Newton’s  Laws  of  Motion  

X 

— 

— 

— 

X 

__ 

15 

X 

— 

— 

Simple  Machines  

X 

~ 

— 

_ 

— 

X 

15 

X 

— 

— 

Static  Electricity  

X 

— 

_ 

— 

— 

X 

— 

15 

X 

— 

— 

Magnetism  

X 

— 

— 

— 

— 

X 

— 

15 

X 

— 

— 

Electromagnetism  

X 

— 

— 

— 

— 

X 

— 

15 

X 

— 

— 

Current  Electricity  

X 

— 

— 

— 

— 

X 

— 

15 

X 

— 

— 

Electric  Motors  

X 

— 

— 

_ 

— 

X 

__ 

15 

X 

— 

— 

.Alternating  Current  

X 

— 

— 

— 

— 

X 

— 

15 

X 

— 

— 

The  Generator  

X 

— 

— 

__ 

X 

— 

15 

X 

— 

— 

The  Ignition  System  

X 

— 

— 

— 

— 

X 

— 

15 

— 

— 

X 

Manufactured  Abrasives  

— 

— 

X 

— 

— 

— 

X 

23 

— 

— 

X 

Evolution  of  Oil  Industry  

— 

— 

X 

_ 

__ 

— 

X 

23 

— 

— 

X 

Stainless  Steel  

— 

— 

X 

— 

— 

— 

X 

23 

— 

— 

X 

Synthetic  Rubber  

— 

— 

X 

— 

— 

— 

X 

23 

— 

— 

X 

Masters  of  Molecules  

— 

— 

X 

— 

— 

— 

X 

32 

SOURCE  OF  FILMS  AND  FILMSTRIPS 

1.  U.  S.  Forest  Service,  Department  of  Agriculture,  Washington  25,  D.  C. 

2.  Modern  Talking  Picture  Service,  108  North  17th  Street,  Philadelphia  3. 

3.  General  Electric  Company,  Visual  Instrtiction  Section,  1 River  Road,  Schenectady, 
New  York. 

4.  Encycloptedia  Britannica  Films,  20  North  Wacker  Drive,  Chicago  6,  Illinois. 

.5.  Edited  Pictures  System,  Inc.,  165  West  46th  Street,  New  York  19,  New  York. 

6.  Du  Pont  de  Nemours  Company,  Rayon  Division,  Empire  State  Building,  New 
York,  New  York. 

7.  Coronet  Instructional  Films,  65  East  South  Water  Street,  Chicago  1,  Illinois. 

8.  Castle  Films,  RCA  Building,  Rockefeller  Plaza,  New  York  20,  New  York. 

9.  The  Pennsylvania  State  College,  Audio-Visual  Aids,  State  College. 

10.  Kuntz  Motion  Picture  Service,  1319  Vine  Street,  Philadelphia. 

11.  General  Motors  Corp.,  Department  of  Public  Relations,  General  Motors  Building, 
Detroit,  Michigan. 

12.  Shell  Oil  Company,  50  West  50th  Street,  New  York  19,  New  York. 
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13.  Westinghoiise  Electric  Company,  306  Fourth  .\vcnue,  P.  O.  Box  1017,  Pittsburgh. 

14.  Esso  Standard  Oil  Company,  Real  Estate  Trust  Building,  Philadelphia. 

15.  Jam  Handy  Organization,  1775  Broadway  and  72nd  Street,  New  York  23,  New  York. 

16.  Stanley  Bowmar,  2067  Broadway  and  72nd  Street,  New  York  23,  New  York. 

17.  Pictorial  Events,  597  Fifth  Avenue,  New  York  17,  New  York. 

18.  Society  for  Visual  Education,  Inc.,  Cliicago,  Illinois. 

19.  Sugar  Re,search  Foundation,  Inc.,  Box  137,  Wall  Street  Station,  New  York,  New 
York. 

20.  United  States  Navy  Department,  Washington  25,  D.  C. 

21.  Library  Film  Company,  25  West  45th  Street,  New  York,  New  York. 

22.  American  Museum  of  Natural  History,  New  York,  New  York. 

23.  U.  S.  Bureau  of  Mines,  4800  Forbes  Street,  Pittsburgh  13. 

24.  Ideal  Picture  Corporation,  207  East  37th  Street,  New  York,  New  York. 

25.  Young  America  Films,  18  East  41st  Street,  New  York,  New  York. 

26.  Celotex  Corporation,  120  So.  LaSalle  Street,  Chicago  3,  Illinois. 

27.  Department  of  Forests  and  Waters,  Harrisburg. 

28.  Department  of  Health,  Harrisburg. 

29.  Davey  Tree  Expert  Company,  Kent,  Ohio. 

30.  American  Can  Company,  230  Park  Avenue,  New  York  17,  New  York. 

31.  Civil  Aeronautics  .Adm.,  Washington  25,  D.  C. 

32.  Association  Films,  Inc.,  35  West  45th  Street,  New  York  19,  New  York. 

33.  Welch  Scientific  Company,  Chicago,  Illinois. 

34.  Weather  Bureau,  U.  S.  Department  of  Commerce,  Washington  25,  D.  C. 

SCIENCE  ROOM  PLANNING  PAVES  THE  WAY 

Science  rooms  should  be  designed  to  provide  the  means  to  the  goals  of 
science  education.  Learning  will  always  take  place;  certain  behaviors  will  be 
modified  and  new  patterns  will  develop.  But  what  types  of  learning  and 
what  types  of  behavior  are  important.  It  is  the  duty  of  the  teacher,  the 
administrator,  the  architect,  and  the  school  board  member  to  see  that  the 
physical  environment  is  conducive  to  the  development  of  the  types  of  behavior 
which  are  set  as  goals.  The  means  of  instruction  must  be  set  up  so  that 
they  do  not  simply  challenge  youth  but  actually  reflect  a clear  image  of  the 
“operative  philosophy”  of  science. 

Materials  should  show,  in  their  presence  and  condition,  the  efficiency 
which  develops  skills  in  observation,  techniques  of  reading  and  expres- 
sion, and  the  use  of  factual  knowledge  in  making  and  testing  hypotheses. 
Only  through  the  purchase  and  proper  use  of  the  tangible  factors  will 
proper  scientific  attitudes  develop  and  self-confidence  and  maturity  be 
achieved. 

It  is  not  implied  that  attaintnent  must  be  dependent  upon  expensive 
equipment  and  an  elaborate  layout.  A science  room,  above  all  others, 
should  be  adapted  to  the  latest  developments  of  science.  The  creative 
use  of  very  meager  facilities  results  in  achievement  beyond  that  of  many 
of  the  finest  laboratories.  The  surface  has  been  barely  scratched  in  the 
use  of  resources  found  in  every  home  and  community,  rural  and  urban, 
industrial  and  agricultural. 

The  type  of  science  room  will  vary  from  the  all-purpose  science  room 
in  the  small  school  to  the  highly  specialized  academic  laboratory  in  the 


352 


DEPARTMENT  OF  PUBLIC  INSTRUCTION 


TO  MeET  TEACH J^R  /{f{D 
SCHEDULE  VAniATIONS, 


A SCIENCE  CLASSROOM  AND  LABORATORY 


large  city  high  school.  Insofar  as  the  former  does  not  blindly  accept  the 
standard  pattern  of  the  latter,  or  follow  either  a traditional  or  college- 
dominated  example,  we  may  hope  for  improvement.  Certain  physical 
equipment  reflecting  the  common  learning  for  all  pupils  will  be  common 
to  all  science  rooms.  For  the  most  part,  however,  the  equipment  should 
reflect  very  definitely  its  adaptation  to  local  community  needs  and  local 
student  concerns  and  interests.  Insofar  as  special  rooms— adapted  to  the 
specific  subject  matter  areas— make  possible  a richer  experience,  such  a 
tendency  is  good.  Insofar  as  the  all-purpose  room  contributes  to  the 
understanding  of  the  common  factors  of  all  science  fields  and  its  natural 
integration  with  all  subject  matter  fields,  it,  too,  is  good. 
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A MODIFIED  PLAN  FOR  THE  SCIENCE 
CLASS  AND  LABORATORY 


Special  talent  may  lie  in  varied  or  comprehensive  fields  as  well  as  in 
fields  of  narrow  specialization.  This  talent  may  be  served  in  general 
all-purpose  science  rooms  as  well  as  in  the  specialized  academic 
laboratory. 

Science  rooms  must  be  flexible  enough  to  provide  for  experirnentatioyi 
not  only  in  the  natural  science  itself,  but  for  teacher  experimentation  in 
science  education.  Sound  building  construction  reflects  solid  substance 
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and  permanence.  New  ideas  develop  in  education  and  should  be  given 
fair  trial  in  regard  to  the  proper  physical  environment  as  well  as  in 
regard  to  other  factors.  Flexible  or  varied  use  of  rooms  requires  careful 
planning  but  not  necessarily  a sacrifice  in  sound  building  construction. 
Philosophy,  in  this  regard,  may  parallel  that  in  regard  to  the  curriculum. 

There  are  certain  unchanging  elements  in  sound  building  construction; 
there  are  certain  unchanging  elements  in  sound  curriculum  construction. 
But  beyond  that  point  there  should  be  the  utmost  freedom  and  op- 
portunity for  adaptation  to  changing  method  and  for  creative  de- 
velopment. The  all-purpose  room  plans  on  pages  352  and  353  are 
designed  to  make  a functional  science  education  program  more  effective. 
An  examination  of  them  may  reveal  the  following  advantages: 

Special  Advantages  of  the  Suggested  Class  and  Laboratory  Plan 

1.  VV'aste  walking  or  corridor  space  reduced  from  the  usual  50  per  cent  or 
more  of  floor  space  to  about  20  per  cent. 

2.  Saves  teacher  walking  time  and  energy. 

3.  Teacher  within  easy  range  of  all  students  for  help  in  case  of  emergency. 

4.  Simpler  and  smaller  floor  area  to  clean. 

5.  Easy  flow  of  students  from  Iccttire  area  to  work  area  and  in  and  out  of  the 
room. 

6.  More  individual  working  area  witli  less  crowding  hack  to  back. 

7.  Facilities  for  weighing  and  distribution  of  materials  centered  and  distributed 
so  that  room  traffic  is  reduced  to  a minimum. 

8.  Individual  storage  facilities  in  each  area  reduce  room  traffic  and  apparatus 
breakage. 

9.  y\ll  services— water,  waste,  vents,  gas,  electricity— in  a common  channel,  con- 
centrated on  most  convenient  walls. 

10.  No  obstructions— water  pipes,  reagent  shelves,  support  rods,  vent  pipes— in  the 
center  of  the  room  to  obstruct  view  of  pupils  or  hide  pupils  from  view  of 
instructor. 

11.  New  features  generally  made  to  contribute  to  greater  safety  and  economy. 

12.  Adaptable  equally  well  to  chemistry,  ])hysics,  biology,  or  general  science  with 
only  slight  modification  of  plans. 

13.  Meets  the  diversified  needs  of  new  curricultim  planning. 

14.  Provides  a physical  setup  from  which  a more  natural,  progressive  and  indi- 
vidualized program  can  evolve. 
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ACKNOWLEDGMENTS 


In  the  preparation  of  this  progress  report,  a representative  from  the  field  of  science 
education  has  been  selected  by  every  county  and  district  superintendent  in  the  Com- 
monwealth. I'hese  participants  have  received  a letter  of  appointment  from  Francis 
B.  Haas,  Superintencient  of  Public  Instruction,  naming  them  as  members  of  district 
science  curriculum  committees.  Nine  district  committees  of  this  type  have  been  organ- 
ized. The  cooperation  of  the  superintendents  has  made  this  wide  participation 
possible. 

The  chairmen  of  the  nine  district  committees  and  elected  officers  of  the  Science 
Round  Table  of  the  Pennsylvania  State  Education  Association  have  made  up  the 
State  Committee.  The  names  of  these  persons  are  listed  on  page  iv. 

State  committee  members  have  assembled  their  district  committee  members  fre- 
quently for  recommendations  and  reports.  Out  of  these  conferences  and  the  class 
work  of  teachers,  the  material  for  this  progress  report  has  been  developed. 

The  cooperation  and  hospitality  of  the  following  sponsoring  institutions  have  made 
the  semiannual  area  curriculum  conferences  possible: 


Edinboro  State  Teachers  College 
Indiana  State  Teachers  College 
Lehigh  University 

Lock  Haven  State  Teachers  College 

Wilkes 


Pennsylvania  College  for  Women 
Slippery  Rock  State  Teachers  College 
University  of  Pennsylvania 
University  of  Pittsburgh 
College 


I his  pattern  of  local  and  State  activity  will  be  continued  while  this  progress  report 
is  tried  out  and  evaluated  and  further  contributions  are  made  for  its  revision. 


The  wholehearted  and  sincere  cooperation  of  the  following  district  science  curriculum 
committee  members  is  creating  new  horizons  of  education  in  Pennsylvania. 

W.  E.  Strawinski,  Editorial  Assistant,  has  edited  the  copy  of  this  bulletin. 


DISTRICT  SCIENCE  COMMITTEES 

Western  Convention  District 

Eugene  Peckman,  Chairman,  Supervisor  of  Science, 

Board  of  Education  Building,  Pittsburgh 

.-VIbright,  Elroy  S.,  Jeannette  H.  S.,  Jeannette 
.Alcott,  Carolyn  M.,  West  View  H.  S.,  Pittsburgh  2 
.Amon,  J.  C.,  538  Dawson  Ave.,  Bellevue 

Barber,  Mary,  Oakmont  Jr.  H.  S.,  Oakmont 

Barber,  Walter  D.  E.,  Washington  Twp.  H.  S.,  R.  I).  1,  .Apollo 

Billy,  Anna,  Clairton  H.  S.,  Clairton 

Bitner,  Harold  W.,  Latrobe  H.  S.,  Latrobe 

Bowers,  George  E.,  Irwin  H.  S.,  Irwin 

Bowman,  Paul  E.,  Asst.  Supv.  Prin.,  Harrold  Jr.  H.  S.,  R.  D.  6,  Greensburg 

Brickner,  Carl.  Jr.  H.  S.  Bldg.,  Homestead 

Browne,  Benjamin,  Vandergrift  H.  S.,  Vandergrift 

Bucci,  Pat,  Derry  H.  S.,  Derry 

Burig,  Lillian,  Carnegie  H.  S.,  Carnegie 

Conn,  Mrs.  Anna  A.,  Uniontown  Public  Schools,  Lhiiontown 
Critchfield,  Guy,  Mt.  Pleasant  H.  S.,  Mt.  Pleasant 
Crouse,  Ober  D.,  2408  Banker  St.,  AIcKeesport 
Crowe,  Naomi,  2 Dunmoyle  Place,  Pittsburgh  6 
Culp,  Craig  F.,  Avonmore  H.  S.,  Avonmore 

Davis,  John  M.,  Duquesne  H.  S.,  Duquesne 

Dunlap,  Robert,  North  Braddock  H.  S.,  North  Braddock 

Elder,  Harry  L.,  7444  Schoyer  Ave.,  Swissvale 
Evans,  Marjorie,  North  Huntingdon  H.  S.,  Irwin 
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Fisher,  Charles,  Samuel  Hamilton  Jr.  H.  S.,  Pittshurgh 
Fleming,  Alice,  Scottdale  H.  S.,  Scottdale 
F'oultz,  Mrs.  Sarah,  Tarentum  H.  S.,  Tarentum 

Gill,  J.  Arthur,  Boston.  Pa. 

Gilliland,  Grier  T.,  206  Gilliland  Place,  Bellevue,  Pittshurgh  2 
Cioehring  Harvey  J.,  Penn  Twp.  H.  S.,  R.  D.  1,  Verona 
Ciidtl,  David  C.,  402  E.  Gedar  Ave.,  Connellsville 

Haves.  P.  G..  Donora  Sr.  H.  S.,  Donora 
Hichman,  Dolph,  Galifornia  H.  S.,  California 
Highee,  Edna,  5711  Howe  St.,  Pittsburgh  6 

lams,  B.  O.,  Charleroi  Sr.  H.  S.,  Charleroi 

Jellrey,  C.  D.,  Wilkinshurg  Sr.  H.  S.,  Pittshurgh  21 

Kelley,  Sheldon,  Washington  H.  S.,  Washington 
Kerekes,  John,  Monessen  H.  S.,  Monessen 
Krause.  Fred  C.,  Avonworth  H.  S.,  Pittsburgh  2 
Kromcr,  .\rthur,  R.  D.  1,  Mt.  Pleasant 

Lingren,  Vernon  G.,  University  of  Pittsburgh,  Pittsburgh 

Maclay,  John,  Jeannette  H.  S.,  Jeannette 

Mangrey,  Peter,  Rankin  H,  S.,  Rankin 

McCormick,  Fred,  3219  Fourth  .Ave.,  Beaver  Falls 

Monnier,  Clarence,  FVest  Deer  Twp.  H.  S..  R.  D.  1,  Cheswick 

Parfitt,  George  E.,  211  Seventh  ;\ve.,  Tarentum 
Plava,  George,  .Adah 

Porter,  Clyde  S.,  Waynesburg  H.  S..  Waynesburg 
Porter,  James  O.,  Rostraver  Twp.  H.  S.,  Belle  Vernon 

Roadman,  Jack,  Perry  Twp.  FI.  S.,  Republic 
Roberts,  Ralph,  Grafton  H.  S.,  Grafton 

Sawyer,  Joseph,  Etna  H.  S.,  Midvale 
Scarton,  Henry,  R.  D.  3,  McDonald 
Semes,  Leo,  Principal,  Braddock  Jr.  H.  S.,  Braiklock 
Seybert,  Reno  FA,  Oliver  H.  S..  Pittsburgh 
Sisson,  Poster  A.,  834  A^allavista  .Ave.,  Pittsburgh  16 
Sparcic,  Steven,  Hamilton  Jr.  H.  S.,  McKees  Rocks 
Spardaro,  Frank,  Canonshurg  H.  S.,  Canonsburg 
Sterner,  James,  Monongahela  H.  S.,  Monongahela 

Fhomas,  Mrs.  Ruth  F.,  McCormick  .Ave.,  So.  Connellsville 

FValter,  C.  H..  New  Kensington  H.  S.,  New  Kensington 
Weaver,  David.  Charleroi  Jr.  H.  S.,  Charleroi 
Williams,  R.  Neal,  Greenslturg  H.  S.,  Greensburg 


Northwestern  Convention  District 

I.eo  Armagost,  Chairman,  Flrie  Public  Schools,  Eric 

.Adams,  Cecil,  Cranberry  Twp.  H.  S.,  Seneca 
.Vilen,  Frances,  Conneaut  Lake  H.  S.,  Conneaut  Lake 
.Anderson.  Charles  R.,  Tidioute 

Cassidy,  Paul,  .Alhion  FI.  S.,  .Albion 
Conners,  John  J.,  Oil  City  H.  S.,  Oil  City 

Farrell,  James  R.,  Jenks  Twp.  H.  S.,  Marienvilic 

Gardner,  R.  J.,  East  H.  S.,  Erie 

Guckes,  Priscilla,  Harbor  Creek  H.  S.,  Harbor  Creek 

Handy,  Helen,  Warren  FI.  S.,  Warren 

Hayes,  Raymond,  Millcreek  Twp.  H.  S.,  R.  D.,  Erie 
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Helfrich,  William,  Titusville  H.  S.,  Titusville 
Hogue.  Glenn  E.,  Sugarcreek  Twp.  H.  S.,  Franklin 

Johnson,  Mrs.  Virginia  S.,  Roosevelt  Jr.  H.  .S.,  Erie 

Legal,  Philip  W.,  Corry  Sr.  H.  S..  Corry 

Mitchell,  J.  Dallas,  Meadville  H.  S.,  Meadville 

Pomeroy,  ^V.  C.,  East  H.  S.,  Erie 

Rankin,  Hazel,  Franklin  H.  S.,  Franklin 
Rishell,  Max  F.,  Veterans’  School,  Erie 

Spetz,  Sara  V.,  East  H.  S.,  Erie 

Stearns,  Merton,  Cambridge  Springs  H.  S.,  Caml)iidge  Springs 
Stubbs,  Earl,  Rice  Avenue  Union  H.  S.,  Girard  , 

Thompson,  Donald,  Supv.  Prin.,  .Hbion  H.  S.,  .Albion 

Midwestern  Convention  District 

William  Charlesworth.  Chairman,  Beater  M.  S.,  Beater 

.Alien,  Ann,  State  Teachers  College,  Slippery  Rock 
Anderson,  Orvis  R.,  Sharpsville  H.  S.,  Sharpsville 

Bouldin,  Edward,  Midland  H.  S.,  Midland 

Btizash,  Gabriel  L.,  Beaver  Falls  Jr.  H.  S.,  Beater  Falls 

Byler,  Russell,  New  AVilmington 

Collins,  Kenneth,  Sharon  H.  S.,  Sharon 

Gills,  Howard,  Ellwood  City  H.  S.,  Ellwood  City 

Hamilton,  Paul,  New  Brighton  H.  S.,  New  IJrigluon 
Hetrick,  Jack,  Butler  H.  S.,  Butler 

Hollibaugh,  George  O.,  Hickory  1 wp.  H.  S.,  Fredonia 
Horsman,  Leonard,  Ambridge  Sr.  H.  S.,  Ambridge 

Kaluger,  George,  Butler  Sr.  FI.  S.,  Butler 

Margraf,  William  A.,  New  Castle  Sr.  H.  S..  New  Castle 
Marks,  L.  W.,  Clarion  H.  S.,  Clarion 
Minich,  Michael,  Fourteenth  St.,  Freedom 
Montgomery,  Elizabeth  S.,  120  Tidball  ,\ve.,  tirove  City 

Smith,  James,  Thiel  College,  Greenville 
Sponsler,  Helen,  Beaver  Falls  H.  S.,  Beaver  Falls 

Toy,  S.  Paul,  St.  Petersburg-Richland  H.  S.,  St.  Petersburg 

Ware.  Frank  E.,  State  1 eachers  College,  Slippery  Rock 

Central-Western  Convention  Dislrirt 

Dwight  E.  Sollberger,  Chairman,  State  leathers  College,  Indian, i 

.Mtimus,  Myles,  Jr.,  Nanty  Glo  H.  S.,  Nanty  (do 
Btish,  Harold,  Freejtort  .Area  Jt.  FI.  S.,  Free|)ort 

Cramer,  Charlotte  S.,  Johnstown  H.  S.,  Johnstown 
Croft,  Lester,  Bedford  H.  S.,  Bedford 

Dnffalo,  Stephen,  Center  Fwp.  School  Dist.,  Lncerne  Mines 
F'eeley,  Ardell,  W'indber  H.  S.,  Wiiidber 
Cayley,  Howard  E.,  Brookville  H.  S.,  Brookville 
Heard,  William  L,  Elders  Ridge  Jt.  H.  S..  Edri 
Knnkle,  Elizabeth  S.,  Johnstown  H.  S.,  Johnstown 

McKelvey,  James.  Indiana  H.  S..  Indiana 
Moiles,  Sophia  M.,  Johnstown  FI.  S.,  Johnstown 
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Pfrogner,  George,  Somerset  H.  S.,  Somerset 

Sowers,  H.  L.,  Ford  City  H.  S.,  Ford  City 

Slider,  R.  Wagner,  Berlin-Brothers  Valley  Jt.  FI.  S..  Berlin 

Weisel,  J.  Howard,  Johnstown  H.  S.,  Johnstown 
Wide,  Gladys,  Clymer  H.  S.,  Clymer 

Wilson,  Mrs.  Ruth,  South  Ford-Croyle  Jt.  Schools,  Summerhill 

Central  Convention  District 

Carey  March,  Chairman,  State  Teachers  College,  Lock  Haven 

Bales,  Edison  O.,  Port  Allegany  H.  S.,  Port  Allegany 

Carson,  Robert,  Kane  H.  S.,  Kane 
Clark,  Albert  W.,  Jr.  H.  S.,  Bradford 
Cummings,  Guy,  Lock  Haven  H.  S.,  Lock  Haven 

Davies,  Edwin  J.,  Johnsonburg  H.  S.,  Johnsonburg 
Deibert,  John,  \VTllsboro  H.  S.,  \\'ellsboro 
Domb,  William,  Brady  Twp.  H.  S.,  Luthersburg 

Failey,  Clarence,  Hollidaysbnrg  H.  S.,  Hollidaysinirg 

Gibson,  Samuel  W.,  DnBois  Sr.  H.  S.,  DuBois 

Hancock,  Gilbert,  Loganton  H.  S.,  Loganton 
Harbaugh,  Mrs.  Miriam  A.,  Altoona  H.  S.,  .\ltoona 
Hess,  Donald,  Jr.  H.  S.,  Wilcox 
Hoffman,  Wilbert  H.,  Altoona  H.  S.,  Altoona 
Howe,  William  A.,  Lewistown  H.  S.,  Lewistown 

Mackin,  Mrs.  Marie,  8 Kelly  Court,  DuBois 
Mcllwain,  Joseph,  Jersey  Shore  H.  S.,  Jersey  Shore 
Meloy,  Thomas,  Huntingdon  H.  S.,  Huntingdon 
Merkel,  Paul,  Tyrone  H.  S.,  Tyrone 
Miller,  Alton  Lee,  Curwensville  H.  S.,  Curwensville 
Mosch,  Mrs.  Margery  F.,  Coudersport  H.  S.,  Coudersport 
Mntchler,  Clarence,  Mansfield  Jt.  H.  S.,  Mansfield 

Person,  Mrs.  Luetta,  Lewisburg  H.  S.,  Lewisburg 
Quigg,  James,  Johnsonburg  H.  S.,  Johnsonburg 
Rittmiller,  Lawrence,  Middleburg  H.  S.,  Middlebnrg 

Shearer,  Marian,  Beaver  Jt.  H.  S.,  Beavertown 
Slothower,  Harry  W.,  Mt.  Union  H.  S.,  Mt.  Union 
Stauffer,  Q.  W.,  Towanda  H.  S.,  Towanda 
Strong,  Harold  E.,  815  Fourth  St.,  Juniata 

Ulsh,  James,  Huntingdon  H.  S.,  Huntingdon 

VanOrmer,  D.  G.,  Kane  H.  S.,  Kane 

Weidner,  Erederick,  Clearfield  H.  S.,  Clearfield 
Welsh,  William  T.,  Emporium  H.  S.,  Emporium 

Southern  Convention  District 

Donald  J.  Diffenbaugh,  Chairman,  Derry  I vvp.  H.  S.,  Hersliey 

Ballinger,  O.  P.,  2674  Eilitz  Road,  Neffsville 
Billett,  Paul  C.,  Annville  Twp.  H.  S..  Annville 
Bunderman,  Walter  Q.,  2038  Bellevue  Rd.,  Harrisburg 

Cessna,  J.  P.,  Gettysburg  H.  S.,  Gettysburg 
Charlton,  Gordon,  Warfordsbnrg 

Deck,  Ray  E.,  Palmyra  H.  S.,  Palmyra 

Dickson,  Jeannette,  Hershey  Junior  College,  Hershey 
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Eshleman,  C.  R.,  967  Pleasure  Rd.,  I.ancaster 
Eshleman,  Henrietta  R.,  Lebanon  H.  S.,  Lebanon 

Felty,  Claude  G.,  South  Lel)anon  Twp.  H.  S.,  R.  D.  1,  Lcl)anon 

Gilbert,  Rollin  P.,  Mertersl)urg  Academy,  Mercersburg 
Gillaugh,  Maynard,  Carlisle  H,  S..  Carlisle 
Gilroy,  Helen,  \Vilson  College,  Cdiainljersburg 
Gross,  Lester  R.,  Dover  H,  S.,  Dover 

Herr,  Eugene,  Derry  Twp,  H.  S,,  Hershey 

Johnson,  Paul  H.,  Manor  Twp.  H.  S.,  Millersville 

Kadel,  Byron,  Leltanon  H.  S.,  Lebanon 
Knohr,  D.  Louis,  Camp  Hill  H.  S.,  Camp  Hill 

Lane,  Harry  K.,  P'ranklin  and  Marsliall  College,  Lancaster 
Langheim,  Marjorie,  McConnellsburg  H.  S.,  McConnellsburg 
Leib,  Charles  W.,  Oxford 

Idenemann,  Louise,  State  Teachers  College,  Shippensburg 
Maxwell,  Ed.,  Smith  Jr.  H.  S.,  York 
Nichols,  Robert  A.,  Harding  Jr.  H.  S.,  Lebanon 
Ritzman,  D.  Carl,  R.  D.  Miffiintown 

Rothberger,  Clarence  D.,  Newport  Union  H.  S.,  Newport 
Rust,  James  H.,  Columbia  H.  S.,  Columbia 
Rutschky,  Charles  W.,  William  Penn  H.  S.,  York 

Sanderson,  John  C.,  Quincy 
Schoener,  Homer  K.,  Elizabethtown 
Schriver,  Mabel  Y.,  Steelton  H.  S.,  Steelton 
Shearer,  S.  S.,  Shippensburg  H.  S.,  Shippensburg 
Shoemaker,  Eugene,  Red  Lion  H.  S.,  Red  Lion 
Smith,  Henry  E.,  Dickinson  College,  Carlisle 
Smith,  Oliver,  Wilson  College,  Chambersburg 
Stover,  Dean,  Littlestown  H.  S.,  Littlestown 
Sweger,  Lewis  E.,  9th  and  Chestnut  Sts.,  Columbia 

WTrner,  Glenn  J.,  Derry  Twp.  H.  S.,  Hershey 
Young,  Philip,  465  S.  7th  St.,  Chambersburg 


Northeastern  Convention  District 

John  Ruddy,  Chairman,  Supervisor  of  Science,  Wilkes  Btirre 

Bender,  Harry  M.,  Carbondale  H.  S.,  Carbondale 
Benson,  Reed,  Athens  H.  S.,  -Lthens 
Birth,  Jennie,  Berwick  H.  S.,  Berwick 
Bodenhorn,  Elwood  S.,  Saint  Clair  H.  S.,  Saint  Clair 
Brink,  J.  Frank,  Bloomsbitrg  H.  S.,  Bloomsburg 
Brock,  Paul,  Honesdale  H.  S.,  Honesdale 

Button,  Stuart  C.,  Supv.  Prin.,  Oakland  Schools,  Susiptehauna 

Clause,  Edward,  Old  Forge  H.  S.,  Old  Forge 
Conmy,  Patrick,  Olyphant  H.  /S.,  Olyphant 
Cramer,  Leland  G.,  Milford  H.  S.,  Milford 

Dushanko,  Frank,  1040  N.  Church  St.,  Elazleton 

Eno,  Gerald,  Honesdale  H.  S.,  Honesdale 

Fetterman,  Aerio,  Locust  Twp.  H.  S.,  R.  D.  3,  Catawi.ssa 
Fisher,  Mark,  Pleasant  Mount 

Gatskl,  Henry,  Danville  H.  S.,  Danville 
Gmiter,  George,  Winton  H.  S.,  Jessup 
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Gribbin,  Clara,  1924  Green  Ridge  St.,  Dunmore 
Griffith,  Powell,  Taylor  H.  S.,  Taylor 

Hogarth,  John  R.,  Jermyn 

Jodgson,  Robert,  Scranton  Public  Schools,  Scranton  10 

Krolikowski,  Walter,  200  E.  Main  St.,  Glen  Lyon 

Mangle,  John,  Coal  Twp.  H.  S.,  Shamokin 
Marion,  Grace  Moran,  Archbald  H.  S.,  Archbald 
Markiewicz,  Paul,  Forksville 

McGeehan,  Robert,  West  Hazleton  H.  S.,  West  Hazleton 
Midroy,  Evangeline,  Throop  H.  S.,  Throop 

Noble,  VV'illiam,  Plymouth  H.  S.,  Plymouth 

O’Connell,  Melvin,  Ashley  H.  S.,  Ashley 

Ravelli,  Alfred  J.,  Mountainhome 

Schraedcr,  Frank,  8 W.  Kirmar  y\ve.,  Aldan  Station 
Sechrist,  David  L.,  Tunkhannock  H.  S.,  Ttinkhannock 
Sharpe,  Bertrand,  Pittston  H.  S.,  Pittston 
Sharretts,  Gene,  Sunbury  H.  S.,  Stmbtiry 
Shelinski,  Anthony,  Dickson  City  H.  S.,  Dickson  City 
Stack,  Kathleen  G.,  245  S.  River  St.,  Wilkes-Barre 
Stem,  Walter  A.,  East  Stroudsburg  Sr.  H.  S.,  East  Stroudsburg 
Swanger,  Harry  E.,  Milton  H.  S.,  Milton 

Tarris,  Demetrius,  Fell  Twp.  Public  Schools,  Simpson 

Thomas,  Hannah,  Peckville 

Tschudy,  Earl,  Hazleton  Sr.  H.  S.,  Hazleton 

Utz,  Pauline,  G.  A.  R.  Memorial  H.  S.,  Wilkes-Barre 
Wyllie,  Doris,  285  Drake  St.,  Duryea 
Yastremski,  Adam,  Nanticoke  H.  S.,  Nanticoke 


Southeastern  Convention  District 

Walter  Lapp,  Chairman,  Northeast  H.  S.,  Philadelphia 

Alderfer,  A.  Groff,  1112  Penna.  Ave.,  Prospect  Park 
Bodine,  Walter  P.,  Media  H.  S.,  Media 

Carr,  Colwell  W.,  Havertown  Jr.  H.  S.,  Havertown 
Clayton,  Luella  B.,  Abington  Jr.  H.  S..  Abington 
Cochran,  M.  Blanche,  Scott  Sr.  H.  S.,  Coatesville 
Davis,  James  B.,  Lower  Merion  Sr.  H.  S..  Ardmore 
DeRose,  James  V.,  Chester  H.  S.,  Chester 

Dombrow,  Roger  T.,  Springheld  H.  S.,  Chestnut  Hill,  Philadelphia  18 
Drager,  Alfred,  Doylestown  H.  S.,  Doyletown 

Evans,  Thomas  D.,  Royersford  H.  S.,  Royersford 

Fries,  Earl,  Upper  Merion  H.  S.,  R.  D.  1,  Bridgeport 

Gilbert,  George  H.,  Lower  Merion  H.  S.,  Ardmore 
Griggs,  Stein  S.,  Yeadon  H.  S.,  Yeadon 

Gruber,  Paul  L.,  Asst.  Co.  Supt.,  Bucks  County,  Doylestown 
Heisler,  Richard  S.,  Souderton  H.  S.,  Souderton 
Kulick,  Michael,  Collingdale  H.  S.,  Collingdale 

Lance,  Harry  J.,  Cheltenham  H.  S.,  Elkins  Park 
Luther,  Edward,  Bridgeport  H.  S.,  Bridgeport 

Moyer,  James,  Phoenixville  H.  S.,  Phoenixville 
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Oswald,  Harold  S.,  Tredyffrin-Easttown  H.  S.,  Berwyn 

Prutzman,  Lewis  M.,  West  Chester  H.  S.,  West  Chester 

Rank,  John  E.,  Lansdowne  H.  S.,  Lansdow'ne 

Ripple,  C.  Vincent,  West  Philadelphia  H.  S.,  Philadelphia 

Schumacher,  Karl,  Pottstown  H.  S.,  Pottstown 
Stauffer,  George  F.,  Sharon  Hill  H.  S.,  Sharon  Hill 
Stevens,  McKinley  H.,  Upper  Darby  H.  S.,  Upper  Darby 
Struble,  Russell  C.,  Bensalem  Twp.  H.  S.,  Cornwells  Heights 
Sullivan,  Gertrude,  Furness  Jr.  H.  S.,  Philadelphia 

Thompson,  Elvin,  Ridley  Twp.  H.  S.,  Folsom 
Torok,  Frank,  Morrisville  H.  S.,  Morrisville 

Utz,  Charles  M.,  Bristol  H.  S.,  Bristol 

Eastern  Convention  District 
Paul  H.  Shover,  Chairman,  Central  Jr.  H.  S.,  Allentown 

Becker,  Harvey,  Emmaus  H.  S.,  Emmaus 
Bodenhorn,  E.  S.,  Saint  Clair  H.  S.,  Saint  Clair 
Bordner,  A.  C.,  Reading  H.  S.,  Reading 

Engle,  Charles  L.,  Mahanoy  City  H.  S.,  Mahanoy  City 

Fisher,  Robert  L.,  Wernersville 

Hollenbach,  George,  Reading  H.  S.,  Reading 
Hoopes,  Robert  R.,  Hellertown  H.  S.,  Hellertown 

King,  Robert,  Summit  Hill  H.  S.,  Summit  Hill 
Kline,  Jacques,  Weatherly  H.  S.,  Weatherly 
Klinger,  Albert,  Ashland  H.  S.,  Ashland 
Knauss,  Carl,  113  N.  West  St.,  Allentown 
Kremser,  Harold  L.,  Reading  H.  S.,  Reading 

LaBar,  Paul  R.,  Bangor  H.  S.,  Bangor 

Landes,  Walton  E.,  Norristown  H.  S.,  Norristown 

Larson,  Karl  D.,  Lafayette  College,  Easton 

Leibenguth,  Raymond,  Parkland  H.  S.,  Troxell’s  Crossing 

Luckenbill,  Fred  E.,  Reading  H.  S.,  Reading 

McHugh,  James  W.,  West  Mahanoy  Twp.  H.  S.,  Lost  Creek 
McLain,  Daniel  F.,  Shenandoah  H.  S.,  Shenandoah 

Nelson,  Lloyd,  Porter  Twp.  H.  S.,  Reinerton 

Obert,  Joseph  G.,  Lehighton  H.  S.,  Lehighton 

Papp,  Ernest,  Northampton  H.  S.,  Northampton 
Pellen,  Max,  Wilson  Boro  H.  S.,  Easton 
Purcell,  Jerome  J.,  Minersville  H.  S.,  Minersville 

Reichard,  Herbert,  516  N.  Muhlenberg  St.,  Allentown 
Rex, , Leon  P.,  Jr.,  Palmerton  H.  S.,  Palmerton 
Roth,  James,  Nazareth  H.  S.,  Nazareth 

Schadel,  Willard  H.,  301  Lobb  Ave.,  Pen  Argyl 
Shekletski,  Adam,  Nazareth  H.  S.,  Nazareth 
Snyder,  Robert,  Northampton  H.  S.,  Northampton 
Spancake,  Claude  A.,  Muhlenberg  Twp.  H.  S.,  Laureldale 
Steckel,  Edgar,  Whitehall  Twp.  School  District,  Hokendauqua 
Stettler,  Myron,  Bethlehem  H.  S.,  Bethlehem 

Vaiana,  James,  Lansford  H.  S.,  Lansford 

Wentzel,  William  D.,  Stony  Creek  Mills 

Zimmerman,  Edw'ard  W.,  Allentown  Senior  H.  S.,  Allentown 
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CONTRIBUTORS  OF  MATERIAL 

In  addilion  to  active  membership  on  the  district  science  committees,  many  indi- 
viduals provided  material  for  inclusion  in  this  progress  report. 

Because  of  space  limitations,  much  excellent  material  could  not  be  included.  Samples 
and  types  have  been  selected.  Some  selected  material  was  not  labeled.  To  all  there  is 
due  gratitude  for  participation. 

Western  Convention  District 

Committee  on  Philosophy 
Foiiltz,  Mrs.  Sarah,  Tarentum  H.  S.,  Tarentum 
Hichman,  Dolph,  California  H.  S.,  California 
McLaughlin,  George,  Arnold  If.  S.,  Arnold 

Sisson,  Foster  A.,  834  Vallavista  Avenue,  Pittsburgh  l(i 
Sporcic,  Stephen,  Hamilton  Jr.  H.  S.,  McKees  Rocks 

Thomas,  Mrs.  Ruth  F.,  McCormick  Avenue,  So.  Connellsville 

Committee  on  Planning  Units  of  Instruction 

Barber,  Mary,  Oakmont  Jr.  H.  S.,  Oakmont 
Billy,  Anna,  Clairton  FI.  S.,  Clairton 
Biirig,  Lillian,  Carnegie  H.  S.,  Carnegie 
Burkett,  Melvin,  Carnegie  H.  S.,  Carnegie 

Conn,  Mrs.  Anna  A.,  Uniontown  Public  Schools,  Uniontown 
Critchheld,  Guy,  Mt.  Pleasant  H.  S.,  Mt.  Pleasant 

Fisher,  Charles  A.,  Box  265,  Priscilla  Place,  Laurel  Gardens 
Fleming,  Alice,  Scottdale  H.  S.,  Scottdale 

Gibson,  Mrs.  Garolyn  Alcott,  West  View  FI.  S.,  Pittsburgh  2 
Gilliland,  Grier  T.,  206  Gilliland  Place.  Bellevue,  Pittsburgh  2 

Hayes,  P.  G.,  Donora  Sr.  H.  S.,  Uonora 

Kelley,  Sheldon,  Washington  FI.  S.,  Washington 

Monnier,  Clarence,  West  Deer  Twp.  H.  S.,  R.  D.  1,  Cheswick 

Plava,  George,  Adah,  Pa. 

Sawyer,  Joseph,  Etna  H.  S.,  Millvale 

Semes,  Leo,  Principal,  Braddock  Jr.  II.  S.,  Braddock 

IV'alter,  C.  H.,  New  Kensington  H.  S.,  New  Kensinglon 
IVilliams,  R.  Neal,  Greensburg  11.  S.,  Grccnsburg 

Committee  on  Editing 
Amon,  J.  C.,  538  Dawson  Avenue,  Bellevue 
Guhl,  David  C.,  402  Cedar  Avenue,  Connellsville 
Higbee,  Edna,  5711  Howe  Street,  Pittsburgh  6 

Jclfrey,  C.  D.,  Sr.  H.  S.,  747  Wallace  Ave.,  IVilkinsburg,  Pittsburgh  21 
Seybert,  Reno  F.,  Oliver  H.  S.,  Pittsburgh 

Committee  on  Evaluation 
Bitner,  Flarold  W.,  Latrobe  FI.  S.,  Latrobe 
Crouse,  Ober  D.,  2408  Banker  Street,  McKeesport 
Delierc,  Morris,  Cecil  Township  II.  S.,  Cecil 


REFERENCES  AND  RESOURCES 


363 


Krause,  Fred  C.,  Avonworth  H.  S.,  Pittsburgh  2 

Scarton,  Henry.  R.  D.  3,  McDonald 

Weaver,  David,  Charleroi  Jr.  H.  S.,  Charleroi 

Northwestern  Convention  District 

Adams,  Cecil  L.,  Cranberry  H.  S.,  Venango  County 
Anderson,  Chas.  R.,  Tidiotite  H.  S..  Tidioute 
Armagost,  Leo  A.,  Strong  Vincent  H.  S.,  Erie 

Bannister,  \V'm.,  East  H.  S.,  Erie 

Beggs,  Wm.  E.,  Youngsville  H.  S.,  Youngsville 

Farrell,  James  R.,  Marienville  H.  S.,  Marienville 

Gardner,  Raymond  J.,  East  H.  S.,  Erie 

Guckes,  Priscilla,  Harborcreek  Joint  H.  S.,  Eric  Ccniniy 

Helfrich,  W.  A.,  Colestock  H.  S.,  Titusville 

Jury,  C.  R.,  Earmington  Joint  H.  S,,  ^Varren  County 

Rankin,  Hazel,  Eranklin  H.  S.,  Eranklin 
Ruhling,  Ethel,  Academy  H.  S.,  Erie 

Spetz,  Sara  V.,  East  H.  S.,  Erie 

Stearns,  Merton,  Cambridge  Springs  H.  S.,  Cambridge  Springs 
Wright,  Ernest  R.,  Oil  City  Sr.  H.  S.,  Oil  City 

Midw'estern  Convention  District 

Buzash,  Gabriel  A.,  Beaver  Falls  Jr.  H.  S.,  Beaver  Falls 
Hamilton,  Paul,  New  Brighton  H.  S.,  New  Brighton 

Kaltiger,  George,  Butler  H.  S.,  Butler 
Katz,  Milton,  Farrell  H.  S.,  Farrell 

Montgomery,  Elizabeth  S.,  Grove  City  H.  S.,  Grove  City 

Central-Western  Convention  District 

Cramer,  Charlotte  S.,  Garfield  Jr.  FI.  S.,  Johnstown 
Croft,  L.  E.,  Bedford  H.  S.,  Bedford 

Feeley,  A.  L.,  Windber  H.  S.,  Windber 

Heard,  W.  I.,  Elders  Ridge  H.  S.,  Elders  Ridge 

Koontz,  Erancis  B.,  Bedford  H.  S.,  Bedford 

Kunkle,  Elizabeth  S.,  Joseph  Johns  Jr.  H.  S.,  Johnstown 

Moiles,  Sophia  M.,  Central  H.  S.,  Johnston 

Progner,  George,  Somerset  FI.  S.,  Somerset 

Sollberger,  Dwight  E.,  State  Teachers  College,  Indiana 
Sowers,  Harold  L.,  Ford  City  H.  S.,  Ford  Citv 
Suder,  R.  Wayne,  Berlin  Brothers  \'alley  II.  S.,  Berlin 

Weisel,  J.  Howard,  Cochran  Jr.  H.  S.,  Johnstown 

Wille,  Gladys  F..  Clymer  H.  S.,  Clymer 

W'ilson,  Ruth  FV.,  South  Fork  Croyle  Jr.  II.  S.,  South  F'ork 

Southern  Convention  District 

Physics 

Beckley,  Robert,  Red  Lion  H.  S.,  Red  I.ion 

Bikle,  Chas.  L.,  Chairman,  Hershev  Inch  School.  Hershey 

Felty,  Claude  G.,  South  Lebanon  IWp.,  Lebanon 
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Groome,  John,  Carlisle  H.  S.,  Carlisle 
Johnson,  Paul  H,,  Manor  Twp,,  Millersville 
Rutschky,  Chas,  W.,  Wm.  Penn  H,  S,,  York 

Smith,  Henry  E,,  Dickinson  College,  Carlisle 
Snyder,  C.  F,,  John  Harris  H,  S,,  Harrisburg 

Werner,  Glenn  J,,  Derry  Twp,,  Hershey 
Chemistry 

Bunderman,  Walter  Q,,  John  Harris  H,  S,,  Harrisburg 
Eshleman,  Mrs.  H.  R,  R,,  Lebanon  H.  S,,  Lebanon 
Herr,  Eugene  B.,  Chairman,  Derry  Twp,  H,  S,,  Hershey 
Rust,  James  H,,  Columiria  H.  S,,  Columbia 

Biology 

Bollinger,  O,  P,,  Manheim  Twp,  LI,  S,,  Nellsville 

Eberts,  Miss  Jean,  Hummelstown  H,  S.,  Hummelstown 
English,  ^Vayne  R.,  John  Harris  H.  S,,  Harrisburg 

Graybill,  Henry,  John  Harris  H,  S.,  Harrisburg 

Knohr,  D,  Louis,  Camp  Hill  H,  S,,  Camp  Hill 

Schriver,  Mrs.  Mabel  Y.,  Steelton  H.  S.,  Steelton 
Shoemaker,  N.  Eugene,  Chairman,  Red  Lion  H.  S.,  Red  Lion 

Young,  Philip,  Chambersburg  H,  S,,  Chainbersburg 

Northeastern  Convention  Distriet 

Begliomini,  Mrs,  Susan,  Exeter  H,  S,,  Exeter 

Bender,  Harry  M,,  Carbondale  H,  S,,  Carbondale 

Benson,  Reed  C.,  Athens  H,  S,,  Athens 

Brink,  J,  Frank,  Blooinsburg  H,  S,,  Bloomsburg 

Birth,  Jennie,  Berwick  H,  S,,  Berwick 

Brown,  Warren,  E,  L,  Meyers  H.  S.,  LVilkes-Barre 

Chesney,  Ray  J,,  G,  A,  R,  H,  S.,  Wilkes-Barre 
Cicon,  Charles  J.,  Exeter  H,  S.,  Exeter 
Clause,  Edward  A,,  Old  Forge  H.  S,,  Old  Forge 
Clauser,  Albert,  Kulpmont  H,  S,,  Kulpmont 
Cron,  Jessie,  Dunmore  H,  S,,  Dunmore 

Delcamp.  Mrs,  Ruth,  North-Mont  H,  S,,  Turbotsville 
Dushanko,  Frank,  Hazle  Twp,  H,  S,,  Hazle  Twp, 

Dyer,  John,  Supt,  o£  Schools,  Scranton 

Fetterman,  Aerio  M,,  Locust  Twp,  H,  S,,  Locust  Twp, 

Ford,  Mary  C.,  E,  L,  Meyers  H,  S,,  Wilkes-Barre 

Gatski,  Henry  J.,  Danville  Jr,  H,  S,,  Danville 

Hamlin,  Sara  R,,  Catawissa  H,  S,,  Catawissa 
Harkins,  Thomas  J,,  E,  L,  Meyers  H,  S,,  Wilkes-Barre 
Heiser,  Warren  J.,  Franklin  Jr,  H,  S.,  Bethlehem 
Hensley,  Charles  M.,  J.  M,  Coughlin  H,  S.,  Wilkes-Barre 
Highritcr,  Gordon,  G,  A,  R,  H,  S.,  Wilkes-Barre 
Hirsch,  Robert  L,,  Montandon  H.  S,,  Montandon 
Hogarth,  John  R,,  Jerniyn  H,  S,,  Jermyn 
Hozempa,  A,,  Edwardsville  H,  S,,  Edwardsville 
Hughes,  John,  West  Scranton  H,  S.,  Scranton 

Jones,  Llewellyn,  E,  L.  Meyers  H,  S.,  Wilkes-Barre 
Jordan,  Harold,  J.  M,  Coughlin  H,  S,,  Wilkes-Barre 
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Kiddinger,  C.  C.,  Shamokin  H.  S.,  Shamokin 
Knepp,  Thomas  H.,  Stroudsburg  H.  S.,  Stroudsburg 

Lewis,  Margaret,  Technical  H.  S.,  Scranton 
Lewis,  Paul  M.,  J.  M.  Coughlin  H.  S.,  Wilkes-Barre 
Lewis,  T.,  Edwardsville  H.  S.,  Edwardsville 
Lloyd,  Harold,  Taylor  H.  S.,  Taylor 
Lydon,  Helen  J.,  E.  L.  Meyers  H.  S.,  Wilkes-Barre 

Maguire,  Will,  G.  A.  R.  H.  S.,  Wilkes-Barre 
Marion,  Grace  Moran,  Archbald  H.  S.,  Archbald 
Markiewicz,  Paul  E.,  Loyalsock  Joint  H.  S.,  Eorksville 
Merrel,  Ruth,  E.  L.  Meyers  H.  S.,  ^Vilkes-Barre 
Morgan,  Norman  W.,  Supv.  of  Science,  Scranton 

Noble,  W.  C.,  Plymouth  H.  S.,  Plymouth 

O’Brien,  Robert,  Locust  Gap  H.  S.,  Locust  Gap 

Palermo,  Louis  J.,  J.  M.  Coughlin  H.  S.,  Wilkes-Barre 
Peel,  Joseph,  J.  M.  Coughlin  H.  S.,  Wilkes-Barre 
Pugh,  Jas.  G.,  Edwardsville  H.  S.,  Edwardsville 

Ruddy,  Anthony  J.,  J.  M.  Coughlin  H.  S.,  Wilkes-Barre 
Ravelli,  Alfred,  Barrett  Twp.  H.  S.,  Cresco 

Sechrist,  David  L.,  Tunkhannock  H.  S.,  Tunkhannock 
Sharpe,  Bertram,  Pittston  H.  S.,  Pittston 
Sharretts,  Gere,  Sunbury  Jr.  H.  S.,  Sunbury 
Shelinski,  Anthony,  Dickson  City  H.  S.,  Dickson  City 
Shutt,  Edwin,  Mahoney  Joint  H.  S.,  Dalmatia 
Simoncelli,  Benedict,  Benton  H.  S.,  Benton 
Stack,  Kathleen,  Eorty  Eort  H.  S.,  Forty  Fort 
Steinhauer,  John  L.,  G.  A.  R.  H.  S.,  Wilkes-Barre 
Stem,  Walter  A.,  East  Stroudsburg  H.  S.,  East  Stroudsburg 
Super,  Fred  J.,  J.  M.  Coughlin  H.  S.,  Wilkes-Barre 

Tarris,  Demetrius,  Fell  Twp.  H.  S.,  Simpson 
Thall,  Charles  J.,  Cherry  Twp.  H.  S.,  Cherry  Twp. 
Thomas,  Hannah  M.,  Blakely  H.  S.,  Peckville 

Utz,  Pauline,  G.  A.  R.  H.  S.,  ^Vilkes-Barre 

Williams,  J.,  Edwardsville  H.  S.,  Edwardsville 
Wozniak,  Frank,  Old  Forge  H.  S.,  Old  Forge 

Zerby,  J.  Richard,  Mahanoy  Joint  Jr.  H.  S.,  Dalmatia 

Central  Convention  District 

Clark,  .\lbert,  Bradford  Jr.  H.  S.,  Bradford 
Cummings,  Guy,  Lock  Haven  H.  S.,  Lock  Haven 

Deem,  William,  Lock  Haven  H.  S.,  Lock  Haven 
Domb,  William,  Brady  Twp.  H.  S..  Luthersburg 

MacDonald,  W.  E.,  Bradford  Jr.  H.  S.,  Bradford 
Mcllwain,  Joseph,  Jersey  Shore  H.  S.,  Jersey  Shore 
Merkel,  Paul,  Tyrone  H.  S.,  Tyrone 
Mosch,  Margery,  Coudersport  H.  S.,  Coudersport 

Shuey,  Gene,  Bradford  Jr.  H.  S.,  Bradford 

Valsing,  Mrs.  E.,  Bradford  Jr.  H.  S.,  Bradford 

Eastern  Convention  District 
Becker,  Harvey  H.,  Emmaus 
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Brown,  Hannah  B.,  Allentown 
Brown.  Merritt  W.,  Bethlehem 

Doty,  Angeline  K.,  Reading 

Fink,  Paul  J.,  Allentown 

King,  Robert  R.,  Summit  Hill 
Kistler,  Horace  O.,  Allentown 
Knauss,  Carl  J.,  Allentown 
Kostenbader,  Franklin,  Nazareth 

Larson,  Karl  D.,  Easton 
Laubath,  B.  William,  Allentown 
Leibengiith,  Raymond,  Parklaml 

Nehf,  Charles  H.,  Allentown 

Papp,  Ernest,  Northampton 
Pellen,  Max  F.,  Wilson  Borough 
Person,  Mabel  S.,  Allentown 

Reichard,  Herbert  H,,  Allenlown 
Rex,  Leon,  Jr.,  Palmerton 
Ruppert,  Russell  S.,  Allenlown 

Schadel,  Willard  H.,  Pen  Argyl 
Schott,  John  H.,  Reading 
Spancakc,  Claude  A.,  Laureldale 
Steinhauer,  Milton  H.,  Allentown 
Stettlcr,  Myron,  Bethlehem 

Vaiana,  James,  Nesquehoning 

^Vinter,  Arline,  Reading 


Soullicasterii  Convenlion  District 

General  Science  Committee 

Gruber,  Paul  L.,  Chairman,  Bucks  Co.  Ollice  of  Education,  75  N.  Main  Sc, 
Doylestown 

Carr,  Colwell  W.,  Havertown  Twp.  Jr.  H.  S.,  Flavertown 

Clayton,  Luella  B.,  Secretary,  ,\bington  Jr.  H.  S.,  Abington 

Cooper,  Flenrietta,  Gillespie  Jr.  H.  S.,  17th  and  Pike  Sts.,  Philadelphia 

Enisley,  Mary,  Harding  Jr.  H.  S,,  Torresdale  .Ave.  and  Wakeling  Si.,  I’hiladclphia 

F'rankenfield,  Mrs.  Margaret  B.,  jenkintown  H.  S.,  Jenkintown 

Hildebrand,  Gene  K.,  Glen  Nor 

Hinnian,  E.  E.,  Upper  Moreland  H.  S.,  ^Villow  Grove 
Luther,  Edward,  Bridgeport  H.  S.,  Bridgeport 
MaeVeagh,  Wayne,  Principal,  Gordon  Jr.  FI.  S.,  Coatesvillc 
Purdy,  Mary  Louise,  Upper  Moreland  FI.  S.,  Willow  Grove 

Race,  Irene,  Upper  SouthanipionAV^arminster  Joint  H.  S.,  1742  Park  Ave.,  Phila- 
delphia 

Rank,  John  E.,  Lansdowne  Junior-Senior  H.  S.,  Lansdowne 
Sullivan,  Gertrude,  Furness  Jr.  H.  S.,  Philadelphia 

Welchons,  J.  Sherman,  Cheltenham  Township  FI.  S.,  Elkins  Park,  Philadelphia 


REFERENCES  AND  RESOURCES 


367 


Biology  Committee 

Alderfer,  A.  Groff,  Chairman,  Pennsylvania  Military  Prep.  School,  Chester 

Cochran,  M.  Blanche,  Scott  Sr.  H.  S.,  Coatesville 
Culver,  Ivon,  Upper  Darby  H.  S.,  Drcxel  Hill 

Domhrow,  Roger  T.,  Springfield  H.  S.,  C.hesinut  Hill 

Harman,  Allen  C.,  Montgomery  Co.  Office  of  Education,  Cotirt  House  .\nne.x, 
Norristown 

Heisler,  Richard  S.,  Souderton  H.  S.,  Souderton 
Helwig,  Daniel  E.,  Jenkintown  H.  S.,  Jenkintown 

Knopf,  Charles  E.,  Secretarv,  Olney  H.  S.,  Philadelphia 

Moyer,  James  William,  Phoenixville  Memorial  |r.  H.  S.,  Phoeiiixville 

Race,  Irene,  Bucks  Cotinty 

Ungemach,  Dcna  D.,  Overhrook  Sr.  H.  S.,  Philadelphia  31 
Physics  Committee 

Davis,  James  B.,  Chairman,  Lower  Merion  H.  S.,  Ardmore 
Bodine,  Walter  P.,  Media  H.  S.,  Media 

Flynn,  Rev.  Aloysitis  J.,  Northeast  Catholic  H.  S.,  Pliiladelphia 
Fries,  Earl  S.,  Upper  Merion  Twp.  H.  S.,  R.  D.  I.  Bridgei)oi  t 

Houck,  Fred  C.,  Nether  Providence  H.  S.,  ^\'allingford 
Rodman,  Jesse  A.,  Germantown  H.  S.,  Philadelphia 
Struble,  R.  C.,  Bensalem  Twp.  H.  S.,  Cornwells  Heights 
Thompson,  George  Elvin,  Secretaty,  Ridley  Twp.  H.  S.,  Folsom 
Ulrich,  Mrs.  J.  Rodgers,  Roxborough  H.  S.,  Philadelphia 

Weiss,  Nathan,  Abraham  Lincoln  H.  S.,  Philadelphia 
White,  Bill,  Lower  Merion  Twp.  H.  S.,  .\rdmore 

Chemistry  Committee 

DeRose,  James  V.,  Chester  H.  S.,  Chester 

Ferguson,  Harold  W.,  Bristol  H.  S.,  Bristol 

Griggs,  S.  S.,  Yeadon  H.  S.,  Yeadon 

Keever,  Patd,  Lower  Merion  Tw[).  H.  S.,  ;\rdmore 

Landes,  Walton  E.,  Eisenhower  H.  S.,  Norristown 

Oswald,  Harold  S.,  Tredyffrin-Easttown  H.  S. 

Prutzman,  Lewis  M.,  West  Chester  H.  S.,  West  Chester 

Schenck,  Robert  C.,  Havertown  Twp.  H.  .S.,  Havertown 
Schumacher,  Karl,  Chairman,  Pottstown  H.  S.,  Pottstowu 

Slaybaugh,  Carl  C.,  Lower  Moreland  School  Dist.,  Huntingdon  Valley,  Moiiig.  Co. 

Smith,  Charles,  Radnor  H.  S.,  Wayne 

Smith,  Leighton  K.,  Northeast  H.  S.,  Philadelphia 

Statiffer,  George  F.,  Secretary,  Sharon  Hill  H.  S.,  Sharon  Hill 

Williamson,  Earl  C.,  Northeast  H.  S.,  Philadelphia 
Physical  Science  Committee 

Duffy,  M.  Elaine,  Curriculum  Laboratory,  3810  Walnut  St.,  Philadelphia  4 
Evans,  Samuel  M.,  Principal,  Downingtown  Junior-Senior  H.  S.,  Downingtown 
Hofkin,  Fred  M.,  1312  Wk  Wyoming  Avenue,  Philadelphia 
Kulick,  Michael,  Secretaiy,  Collingdale  H.  S.,  Collingdalc 
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Megonagel,  E.  Russel,  Nether  Providence  H.  S.,  Wallingford 
Nixon,  Robert  B.,  Radnor  H.  S.,  Wayne 

Novak,  Benjamin,  Science  Dept,,  Dobbins  Vocational  School,  Philadelphia 
Samuels,  F,  Robert,  Cheltenham  H,  S.,  Philadelphia  17 

COMMITTEES  IN  SPECIAL  AREAS 

Appreciation  is  due  to  the  following  committees  making  contributions  concerning 
special  aspects  of  science  education: 

Alcoholic  Drinks,  Stimulants,  and  Narcotics  Education 

Ceorge  F.  Dunkelberger,  Chairman,  Selinsgrove 

Ewing,  B,  E,,  504  IVesley  Bldg,,  17th  and  Arch  Sts.,  Philadelphia 

Hoover,  Mary  L.,  750  Russell  Ave.,  Johnstown 

McLaughlin.  Margaret  G.,  Dilltown 

Millarcl,  Elizabeth,  Lenhartsville 

Sherbine,  Mrs.  Alvin,  50  Akers  St.,  Johnstown 

Home  and  Family  Living 

Basic  Planning  Committee 

Dierkes,  Doris  E.,  Division  of  Home  Economics,  Philadelphia  Public  Schools 
Haydock,  Emilv  G.,  Home  Economics  Dept.  Head,  4Vm.  Penn  H.  S.,  Philadelphia 
Herbst,  Constance,  Home  Economics  Teacher  and  Supervisor,  Cheltenham  Twp. 
H.  S.,  Elkins  Park 

McGinley,  Anne,  Home  Economics  Education,  Temple  University,  Philadelphia 
Showers,  Dorothy  J.,  Supervisor,  Division  of  Home  Economics,  Philadelphia  Public 
Schools 

Sjostrom,  Dorothea,  Home  Economics  Dept.  Head,  West  Philadelphia  H.  S.,  Phila- 
delphia 

Steiger,  Esther,  Home  Economics  Teacher,  Beeber  Jr.  H.  S.,  Philadelphia 
Goodspeed,  Helen  C.,  Chairman,  Director,  Division  of  Home  Economics,  Philadel- 
phia Public  Schools 

Hill,  M.  Esther,  Co-Chairman,  Spec.  Asst.,  Division  of  Home  Economics,  Philadel- 
phia Public  Schools 

State  and  Local  Advisory  Committee 

Boodish,  Hyman  M.,  Social  Studies,  Dobbins  Vocational-Technical  School,  Phila- 
delphia 

Butler,  Gertrude,  Home  Economics  Education.  Juniata  College,  Huntingdon 
Carlin,  Helen  E.,  President,  Philadelphia  Home  and  School  Council 
Crawford,  Dorothy  B.,  Assistant  to  Associate  Stiperintendent,  Philadelphia  Public 
Schools 

Ebersole,  Amanda,  Home  Economics  Education,  Drexel  Institute  of  Technology, 
Philadelphia 

Emgarth,  Annette,  Foreign  Languages,  IVest  Philadelphia  H.  S.,  Philadelphia 
Ewing,  Alice,  Supervisor  of  Home  Economics,  Chester 

Hoffman,  M.  David,  Head  of  Dept.  English-Foreign  Languages,  Gratz  H.  S.,  Phila- 
delphia 

Hower,  Margaret,  Home  Economics  Education,  Lititz  H.  S.,  Lititz 
Lapp,  W'alter,  Science,  Northeast  H.  S.,  Philadelphia 
Plotts,  Katharine,  Supervisor  of  Home  Economics,  Reading 

Riegel,  Margaret  E.,  Home  Economics  Education,  4 he  Pennsylvania  State  College, 
State  College 

Sanders,  A.  Pauline,  Chief,  Home  Economics  Education,  Dept,  of  Public  Instruction, 
Harrisburg 
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Streeper,  Amanda,  Principal,  Wm.  Penn  H.  S.,  Philadelphia 
Wessner,  Anne  E.,  Supervisor  of  Home  Economics,  Allentown 
Wyatt,  Ruth,  Mathematics,  ^Vilson  Jr.  H.  S.,  Philadelphia 

Humane  Education 

W.  F.  H.  'Wentzel,  Chairman,  Director,  Humane  Education,  210  \V.  Ohio  St.,  X.  S., 
Pittsburgh  12 

Nutrition  Education 

Frances  L.  Hoag,  Chairman,  Chief  School  Lunch  and  Nutrition.  Department  of 
Public  Instruction,  Harrisburg 

LeBarron,  Helen  R.,  Assistant  Director  of  Home  Economics,  The  Pennsylvania  State 
College,  State  College 

Miller,  Evelyn  C.,  Nutritionist,  Manheim  Twp.,  717  College  ,\ve.,  Lancaster 
Rissinger,  Mary  K.,  American  Red  Cross,  Millerstown 

Shryock,  Clara  M.,  President,  Public  School  Nutrition  Council,  Cambria  County 
Public  Schools,  Wilmore 

Tarrant,  Lydia,  The  Pennsylvania  State  College,  State  College 
Waller,  Dorothy,  Nutritionist,  Department  of  Health,  Harrisburg 


In  addition,  George  T.  Furlong  of  the  Pennsylvania  Cancer  Society  and  Leo  E.  Brown 
of  the  Medical  Society  of  Pennsylvania  have  contributed  material. 

Pictures  and  Other  Material,  identified  by  schools  and  other  sources,  have  been 
received  from  the  following: 

.Abington  Senior  High  School 

Altoona  High  School 

Carmichaels  High  School 

Carrick  Junior  High  School 

Conshohocken  High  School 

Gillespie  Junior  High  School,  Philadelphia 

Keystone  View  Co.,  Meadville 

Lehigh  University,  Bethlehem 

Lawrence  Park  High  School,  Erie 

Muhlenberg  College,  Allentown 

Mount  Pleasant  High  School 

Pennsylvania  State  Geologist 

Philadelphia  Curriculum  Office 

Theodore  Roosevelt  Junior  High  School,  Kidpmom 
University  of  Pittsburgh 
^Vest  Grove  High  School 
York  School  District 
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